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ABSTRACT
The James  R i v e r  E s t u a r y  and a d j a c e n t  c o n t i n e n t a l  s h e l f  w a t e r s  
w e re  exam ined  f o r  d i s s o l v e d  f a t t y  a c i d  c o n t e n t .  Samples  c o l l e c t e d  from 
34 l o c a t i o n s  a t  2  m e t e r  d e p t h s  w e r e  q u a n t i t a t i v e l y  d e t e r m i n e d  by gas  
l i q u i d  c h r o m a t o g r a p h y  u s i n g  a f l a m e  i o n i z a t i o n  d e t e c t o r .
T o t a l  f a t t y  a c i d  c o n c e n t r a t i o n s  g e n e r a l l y  r a n g e d  from 10-25  
m i c r o g r a m s  p e r  l i t e r  and i n d i v i d u a l  a c i d s  r a n g e d  f rom 1-4  m i c ro g ra m s  
p e r  l i t e r .  and  c h a i n  l e n g t h s  w e re  d o m in a n t  f o r  s a t u r a t e d
f a t t y  a c i d s ,  and  C ^ ,  C j^ ,  and  C^g w e r e  t h e  m o s t  common u n s a t u r a t e d  
a c i d s .  The number o f  d i s t i n g u i s h a b l e  a c i d s  i n c r e a s e d  i n  t h e  e s t u a r y  
and  more  odd numbered  c h a i n  l e n g t h  a c i d s  w e r e  f o u n d .  U n s a t u r a t e d  
f a t t y  a c i d s  w e re  more  a b u n d a n t  i n  e s t u a r i e s  t h a n  i n  s h e l f w a t e r .
v
THE DISTRIBUTION OF DISSOLVED FATTY ACIDS 
IN THE JAMES RIVER ESTUARY AND ADJACENT OCEAN WATER
INTRODUCTION
T h i s  s t u d y  was u n d e r t a k e n  t o  o b t a i n  m ore  c o m p l e t e  i n f o r m a t i o n
r e g a r d i n g  m a r i n e  f a t t y  a c i d s .  W. D. G a r r e t t  and N. L. J a r v i s  (1963)
o f  t h e  U. S .  N a v a l  R e s e a r c h  L a b o r a t o r y  i n v e s t i g a t e d  t h e  s u r f a c e  
p r o p e r t i e s  o f  s e a  s l i c k s .  They c o n c e n t r a t e d  on t h e  p h y s i c a l  p r o p e r t i e s  
o f  s l i c k s ,  i n v e s t i g a t i n g  t h e  f u n c t i o n a l  g r o u p s  p r e s e n t  by i n f r a r e d  
s p e c t r o s c o p y ,  and  s t u d y i n g  t h e  f i l m  p r e s s u r e  e x e r t e d  by  t h e  compounds.  
R e s u l t s  o f  t h e  i n f r a r e d  work i m p l i e d  t h e  p r e s e n c e  o f  f a t t y  a c i d s  and 
t h e i r  e s t e r s .  They s u b s e q u e n t l y  d e t e r m i n e d  t h e  p r e s e n c e  o f  a  number  
o f  t h e  a c i d s  from t h e  Bay o f  Panama by g a s - l i q u i d  c h r o m a t o g r a p h y ,  b u t  
d i d  n o t  s t u d y  h o r i z o n t a l  d i s t r i b u t i o n .
G a r r e t t  (1964)  d e t e r m i n e d  b o t h  f r e e  f a t t y  a c i d s  and  s p e c i f i c
f a t t y  compounds o f  s e a  w a t e r .  The a n a l y s e s  w e r e  n o t  q u a n t i t a t i v e  and
c o m p a r i s o n  o f  c o m p o s i t i o n  b e t w e e n  f r e s h  a n d  s a l t  w a t e r  was n o t  c o n s i d e r e d .
S lowey ,  J e f f r e y ,  and  Hood (1962 )  s t u d i e d  t h e  v e r t i c a l  d i s t r i b u t i o n  
and  am ounts  o f  f a t t y  a c i d s  i n  s e a  w a t e r  o f  t h e  G u l f  o f  M e x ic o .  They 
f o u n d  a  m arked  v a r i a t i o n  i n  r e l a t i v e  am ounts  o f  s p e c i f i c  a c i d s  w i t h  
d e p t h ,  deep  w a t e r  a l m o s t  l a c k i n g  u n s a t u r a t e d  a c i d s  and  t h o s e  p r e s e n t  
h a v i n g  s h o r t e r  c h a i n  l e n g t h s  t h a n  t h o s e  i n  s u r f a c e  w a t e r s .  F a t t y  a c i d  
c o n c e n t r a t i o n s  i n  t h e  t e n t h s  o f  m i l l i g r a m s  p e r  l i t e r  r a n g e  w e r e  f o u n d .
P .  M7~Will iams (1965)  d e t e r m i n e d  d i s s o l v e d  f a t t y  a c i d s  i n  t h e  
S t r a i t  o f  G e o r g i a ,  J u a n  d e  F uca  S t r a i t ,  and  t h e  a d j a c e n t  a r e a  o f  t h e  
P a c i f i c  O cean .  He fo u n d  l i t t l e  v a r i a t i o n s  w i t h  d e p t h  o r  b e t w e e n  c o a s t a l
2
3and  o p en  o c e a n  w a t e r .  The t o t a l  d i s s o l v e d  f a t t y  a c i d  c o n c e n t r a t i o n s  
w e r e  10 t o  100 t i m e s  lo w e r  t h a n  p r e v i o u s l y  r e p o r t e d  ( W i l l i a m s ,  1 9 6 1 ) ,
1  9 " m ic ro  grams “p e r  ' T i t e r - f o r ~  d i s s o l v e d  “' f a t t y  '" a c id  . ' “"No o t h e r  q u a n t i ­
t a t i v e  i n f o r m a t i o n  on  m a r i n e  f a t t y  a c i d  c o n c e n t r a t i o n s  was fo u n d  i n  
t h e  l i t e r a t u r e .
D i s s o l v e d  o r g a n i c  m a t t e r  (DOM) s t u d i e s  i n  t h e  open  o c e a n  show 
s u r f a c e  l e v e l s  t o  c o n t a i n  a p p r o x i m a t e l y  0 . 2  - 2 . 7  m i l l i g r a m s  p e r  l i t e r  
o f  DOM (M enze l ,  1967 and  Duursma,  1 9 6 1 ) .  L a n d l o c k e d  a r e a s  w e r e  found  
t o  h a v e  h i g h e r  v a l u e s ,  3 . 3  - 8 . 0  m i l l i g r a m s  p e r  l i t e r  DOM (Duursma,
1 9 6 1 ) .  T h e s e  v a l u e s  s u g g e s t  t h a t  Slowey e l .  a_l. (1962)  and W i l l i a m s '
(1961 )  v a l u e s  f o r  d i s s o l v e d  f a t t y  a c i d s  may b e  somewhat  h i g h .
L i t t l e  work  h a s  b e e n  done  w i t h  i d e n t i f i c a t i o n s  and  d i s t r i b u t i o n s  
o f  m a r i n e  f a t t y  a c i d s ,  w i t h  no r e s u l t s  f rom  t h e  V i r g i n i a  m a r i t i m e  a r e a s .  
T h e r e  a r e  d i s c r e p a n c i e s  i n  t h e  l i t e r a t u r e  a s  t o  how much d i s s o l v e d  
f a t t y  a c i d s  i s  p r e s e n t .  No work h a s  b e e n  done  i n  a n  e s t u a r y  to  my 
k n o w le d g e .
The c o n c e n t r a t i o n s  and  d i s t r i b u t i o n  o f  f a t t y  a c i d s  i n  t h e  
James  R i v e r  E s t u a r y  and  a d j a c e n t  c o n t i n e n t a l  s h e l f  and  m a r i n e  a r e a  
a r e  d e s c r i b e d  h e r e .  From t h i s  s t u d y  f a t t y  a c i d s  o f  t h e  C h e s a p e a k e  
Bay and  a d j a c e n t  s h e l f  w a t e r s  may be  i d e n t i f i e d .  By e x a m in in g  a c i d  
p r o f i l e s  i t  may b e  p o s s i b l e  t o  d e l i m i t  an  a r e a  by  i t s  a c i d  c o m p o s i t i o n ,  
o r  t o  i d e n t i f y  p a r t i c u l a r  b i o l o g i c a l  c o m m u n i t i e s .
ANALYTICAL PROCEDURES
Review o f  G a s - L i q u i d  C h r o m a t o g r a p h i c  A n a l y s i s  
o f  F a t t y  A c id  M e th y l  E s t e r s
I n  t h e  a n a l y s i s  o f  f a t t y  a c i d s  t h e r e  a r e  s e v e r a l  o p t i o n s  
a v a i l a b l e  t o  t h e  gas  c h r o m a t o g r a p h e r  r e g a r d i n g  s e l e c t i o n  o f  e q u i p m e n t .  
The f o l l o w i n g  p a r a g r a p h s  w i l l  e x p l a i n  why p a r t i c u l a r  i n s t r u m e n t a l  
t e c h n i q u e s  w e r e  a d o p t e d  and  g i v e  t h e  r e a c t i o n s  w h ich  t a k e  p l a c e  on 
v a r i o u s  co lumn m a t e r i a l s .
Column t e m p e r a t u r e  was s e l e c t e d  t o  p r e v e n t  r a p i d  d e g r a d a t i o n  o f  
p o l y e s t e r  l i q u i d  p h a s e s  a t  e l e v a t e d  t e m p e r a t u r e s .  T e m p e r a t u r e s  above  
220 C c a u s e  column dam age.  A t  180 C t h e  e a r l y  p e a k s  a r e  n o t  u n d u ly  
n a r r o w  n o r  t h e  l a t e r  p e a k s  e x c e p t i o n a l l y  b r o a d .  O t h e r  w o r k e r s  had  
u s e d  t e m p e r a t u r e s  i n  t h i s  r a n g e  w i t h  good r e s u l t s .
P o l y e s t e r  l i q u i d  p h a s e s  on gas  c h r o m a t o g r a p h i c  columns a r e  u sed  
f o r  f a t t y  a c i d  s e p a r a t i o n  a l t h o u g h  t h e r m a l l y  u n s t a b l e .  N o n p o l a r  p h a s e s  
a r e  m ore  t e m p e r a t u r e  s t a b l e ,  b u t  a r e  l i m i t e d  i n  t h a t  t h e y  c a n n o t  
s e p a r a t e  t h e  m e t h y l  e s t e r s  o f  f a t t y  a c i d s  c o n t a i n i n g  two and t h r e e  
d o u b l e  bo n d s  i n  t h e  C-^g (Cx : n ,  x  i n d i c a t e s  number  o f  c a r b o n  a to m s ,  and  
n  i n d i c a t e s  number o f  d o u b l e  b o n d s  p r e s e n t )  and  t h r e e  and  f o u r  d o u b l e  
bo n d s  i n  t h e  C£q g r o u p  ( H o r n in g  e t .  a JU , 1964) .
The d e t e c t o r  u s e d  was a  f l a m e  i o n i z a t i o n  t y p e .  T he rm a l  c o n ­
d u c t i v i t y  d e t e c t o r s  r e q u i r e  l a r g e r  am ounts  o f  s am p le  t h a n  do f l a m e  
i o n i z a t i o n  d e t e c t o r s .  C o n d u c t i v i t y  d e t e c t o r s  a r e  more  s u i t a b l e  when 
co lumn b l e e d  i s  h i g h ,  a s  t h e y  a r e  r e l a t i v e l y  i n s e n s i t i v e .  They r e s p o n d
5t o  t h e  m o l a r  c o n c e n t r a t i o n  and  m o l e c u l a r  w e i g h t  o f  t h e  s o l u t e .  The 
f l a m e  i o n i z a t i o n  d e t e c t o r  i s  h i g h l y  s e n s i t i v e  and may b e  o v e r l o a d e d  by 
h i g h ‘b l e e d  r a t e s ,  b u t  i s  p a r t i c u l a r l y  s u i t a b l e  f o r  s m a l l  c o n c e n t r a t i o n s  
w i t h i n  t h e  r a n g e  o f  0 . 0 1  - 5 . 0  m i c r o g r a m s  p e r  c om ponen t .  The p r a c t i c a l  
l i m i t  f o r  t h i s  d e t e c t o r  i s  0 . 0 1  m i c r o g r a m s  f o r  an  i n d i v i d u a l  component  
( H o r n in g  e t .  a_ l . , 1 9 6 4 ) .  When a com ponent  i s  e l u t e d  from a co lumn,  t h e  
h y d r o g e n  f l a m e  i o n i z e s  a c e r t a i n  p r o p o r t i o n  o f  t h e  o r g a n i c  s u b s t a n c e .
T h i s  p r o d u c e s  p o s i t i v e  and  n e g a t i v e  i o n s  w h ich  a r e  c o l l e c t e d  on t h e  
c o l l e c t i n g  l o o p ,  c a u s i n g  a v o l t a g e  d r o p  a c r o s s  t h e  d e t e c t o r .  The g e n ­
e r a t e d  v o l t a g e  i s  t h e n  a m p l i f i e d  and  t r a n s m i t t e d  t o  t h e  r e c o r d e r .
S a t u r a t e d  f a t t y  a c i d  m e t h y l  e s t e r s  a r e  e l u t e d  s e q u e n t i a l l y
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a c c o r d i n g  t o  t h e i r  m o l e c u l a r  w e i g h t s ,  t h e  more v o l a t i l e  o n es  e l u t i n g  
f i r s t .  The r e l a t i o n s h i p ,  f a t t y  a c i d  c h a i n  l e n g t h  = k  l o g  t i m e ,  h o l d s  
t r u e  f o r  t h e  s a t u r a t e d  s t r a i g h t  c h a i n  a c i d s  o v e r  a w id e  r a n g e  o f  c h a i n  
l e n g t h s .  When p l o t t e d ,  t h i s  y i e l d s  a s t r a i g h t  l i n e ,  w i t h  some d e v i a t i o n  
f o r  t h e  s h o r t e r  a c i d s  ( O e t t e  and A h r e n s ,  1 9 6 1 ) ,  b e c a u s e  a d d i n g  a -CH^- 
u n i t  t o  a  s h o r t  c h a i n  a c i d  i s  n o t  t h e  same a s  a d d i n g  t h e  same u n i t  to  
a  l o n g  c h a i n  a c i d .
The r e t e n t i o n  t i m e s  o f  b r a n c h e d  c h a i n  f a t t y  a c i d  e s t e r s  a r e  
g e n e r a l l y  s h o r t e r  t h a n  f o r  t h e  c o r r e s p o n d i n g  s t r a i g h t  c h a i n  i s o m e r s .  The 
t y p e ,  num ber ,  and l o c a t i o n  o f  b r a n c h e s  a r e  i m p o r t a n t  i n  r e t e n t i o n  t im e  
( S t e i n  e t .  aJL., 1 9 6 7 ) .  C a p i l l a r y  co lumns o f  3 -  40 m e t e r  l e n g t h s  a r e  
r e q u i r e d  t o  s e p a r a t e  t h e s e  b r a n c h e d  e s t e r s ,  s a t i s f a c t o r i l y . S em i lo g  
p l o t s  o f  b r a n c h e d  c h a i n  e s t e r s  v e r s u s  r e t e n t i o n  t i m e  y i e l d  s t r a i g h t  l i n e s  
p a r a l l e l  t o  t h o s e  f o r  s t r a i g h t  c h a i n  i s o m e r s .
A c c o r d i n g  t o  S t e i n  e t .  . a l .  (1967)  t h e  p r e s e n c e  o f  d o u b l e  bonds  
i n  f a t t y  a c i d  e s t e r s  c a u s e s  v a r i a b i l i t y  i n  g a s - l i q u i d  c h r o m a t o g r a p h y  (GLC).
6One d o u b l e  bond  c a u s e s  t h e  u n s a t u r a t e d  fo rm t o  e l u t e  e a r l i e r  t h a n  t h e  
c o r r e s p o n d i n g  s a t u r a t e d  a c i d  on a n o n p o l a r  co lum n.  The o p p o s i t e  i s  t r u e  
on p o l a r  c o lum ns ,  w h e re  t h e  u n s a t u r a t e d  compound i s  m ore  a t t r a c t e d  to  
t h e  l i q u i d  p h a s e ,  a n d ,  t h e r e f o r e ,  e l u t e s  a f t e r  t h e  c o r r e s p o n d i n g  
s a t u r a t e d  a c i d .  C h ro m a to g rap h y  on b o t h  p o l a r  and n o n p o l a r  p h a s e s  i s  
u s e f u l  i n  d e t e r m i n i n g  w h e t h e r  a component  i s  s a t u r a t e d  o r  u n s a t u r a t e d .  
V a r i a b i l i t y  e n t e r s  b e c a u s e  t h i s  e f f e c t  i s  o f  g r e a t e r  m a g n i t u d e  f o r  a 
1 2 :1  t h a n  f o r  a  2 2 : 1  f a t t y  a c i d .  Landowne and L i p s k y  (1961)  p r o p o s e d  
a me thod  f o r  d i s t i n g u i s h i n g  u n s a t u r a t e d  s t r a i g h t  c h a i n  e s t e r s  f rom 
s i m p l e  b r a n c h e d  e s t e r s ,  s i n c e  t h e  e f f e c t  o f  t e m p e r a t u r e  c h a n g e  was 
d i f f e r e n t  f o r  e a c h  e s t e r .  C i s - t r a n s  i s o m e r s  a r e  l i t t l e  d i f f e r e n t  i n  
r e t e n t i o n  t i m e  and a r e  b e s t  s e p a r a t e d  on c a p i l l a r y  c o lu m n s .
H o f s t e t t e r  e_t. al_. (1965)  s t a t e  t h e  r e a s o n  f o r  u s i n g  two s t a t i o n -  
a r y  l i q u i d  p h a s e s .  Any e q u i v a l e n t  c h a i n  l e n g t h  (ECL) v a l u e  i s  composed 
o f  two p r i n c i p a l  p a r t s :  ( 1 ) an  a t t r a c t i o n  f o r  n o n - p o l a r  p h a s e s  by  t h e
h y d r o c a r b o n  p o r t i o n  due  t o  London F o r c e s ,  (2)  a n  a t t r a c t i o n  t o  p o l a r  
p h a s e s  by t h e  d o u b l e  bonds  and e s t e r  g r o u p s  o f  t h e  f a t t y  a c i d  m e t h y l  
e s t e r s .  On p o l a r  p h a s e s  t h e s e  two a r e  a d d i t i v e ,  w h i l e  on n o n - p o l a r  
p h a s e s  t h e  London F o r c e  com ponent  i s  p o s i t i v e  so t h a t  d o u b l e  bonds  a r e  
n o t  a t t r a c t e d  and  p r o d u c e  a n e g a t i v e  com ponen t .  The d i f f e r e n c e  o f  ECL 
on  p o l a r  p h a s e s  m a x im iz e s  t h e  p o l a r i t y  component  and  m i n i m i z e s  t h e  c h a i n  
l e n g t h  c o m p o n en t .  The p o s i t i o n  o f  t h e  p e a k  on t h e  chroma t o  grain ch a n g e s  
i n  p r o p o r t i o n  t o  t h e  amount o f  h y d r o c a r b o n  o r  u n s a t u r a t i o n  p r e s e n t ,  
d e p e n d i n g  on w h i c h  p h a s e  i s  u s e d .  I d e n t i f i c a t i o n  o f  compounds i s  a i d e d  
by  t h i s  i n f o r m a t i o n .
R e a c t i o n s  can  o c c u r  on t h e  GLC co lum n.  Most  f a t t y  a c i d  m e t h y l  
e s t e r s  h a v e  s u f f i c i e n t  s t a b i l i t y  to  w i t h s t a n d  GLC w i t h o u t  d e c o m p o s in g .
7S i n g l y  and m u l t i p l y  d o u b l e - b o n d e d  e s t e r s  c o n t a i n i n g  t h e  m e t h y l e n e  
i n t e r r u p t e d  d o u b l e  bonds  e l u t e  u nchange d  ( S t e i n  et_. a_l. ,  1 9 6 7 ) .  M o r r i s  
e t . a l . (1960)  r e p o r t  t h a t  c o n j u g a t e d  t r i e n e s  u n d e r g o  c i s - t r a n s  i s o m e r i -  
z a t i o n s ,  b u t  c o n j u g a t e d  d i e n e s  do n o t .  C o n j u g a t e d  t r i e n e s  a l s o  e x h i b i t  
e x t e n s i v e  bond m i g r a t i o n  ( M i k o l a j c z a k  and Bagby,  1 9 6 4 ) .  The p r e s e n c e  
o f  h y d r o x y  g r o u p s  i n  f a t t y  a c i d s  c an  l e a d  t o  s t a b i l i t y  o r  i n s t a b i l i t y ,  
d e p e n d i n g  on  t h e i r  l o c a t i o n ,  l i q u i d  p h a s e ,  and o p e r a t i n g  c o n d i t i o n s  
( S t e i n  e £ .  a j ^ . , 1 9 6 7 ) .
P r o c e d u r e s  A dop ted  
S a m p l i n g : Samples w e re  c o l l e c t e d  f rom t h e  c o n t i n e n t a l  s h e l f  w a t e r s
d i r e c t l y  o f f  t h e  m ou th  o f  C h e s a p e a k e  Bay a t  two m i l e  i n t e r v a l s  f o r  
300 m i l e s  and  f rom t h e  James  R i v e r  E s t u a r y .  See F i g u r e s  1, 2 ,  and  3 f o r  
s am p le  l o c a t i o n s .  C o - o r d i n a t e s  and d a t e s  c o l l e c t e d  a r e  l i s t e d  , i n  
T a b l e  I  i n  A p p e n d ix .  Ocean s a m p l e s  w e r e  c o l l e c t e d  on J a n u a r y  27 and 
2 8 ,  1969 .  James  R i v e r  s a m p l e s  w e re  c o l l e c t e d  S e p te m b e r  - December 
1968 .
W a te r  was pumped f rom  2 m e t e r s  be low  t h e  s u r f a c e  t o  s h i p b o a r d  
u s i n g  a L i t t l e  G i a n t  Model  No. 4 h y d r a u l i c  pump ( L i t t l e  G i a n t  Pump 
Company,  Oklahoma C i t y ,  Oklahoma) and  p a s s e d  t h r o u g h  a 142 m i l l i m e t e r  
d i a m e t e r ,  HA M i l l i p o r e  A f i l t e r .  The f i l t e r e d  w a t e r  was s t o r e d  i n  
a two g a l l o n  p o l y e t h y l e n e  b o t t l e  and f r o z e n  ( - 2 0  C) p r i o r  t o  e x t r a c t i o n ;  
s h e l f  w a t e r  was e x t r a c t e d  i m m e d i a t e l y  a f t e r  c o l l e c t i o n .
P r i o r  t o  s a m p l i n g ,  t h e  pump was  r u n  t o  f l u s h  t h e  pumping mechan ism  
and  t u b i n g .  Some s am ple  w a t e r  was t h e n  p a s s e d  t h r o u g h  t h e  m i l l i p o r e  
f i l t e r  t o  remove  any  t r a c e s  o f  s o l u b l e  c o n t a m i n a n t s ;  p o l y e t h y l e n e  
b o t t l e s  w e re  r i n s e d  t h r e e  t i m e s  w i t h  t a p  w a t e r  and  d i s t i l l e d  w a t e r ,  
t h e n  r i n s e d  t w i c e  w i t h  m e t h a n o l .
8F i g u r e  1 .  C o l l e c t i o n  s i t e s  o f  o c e a n  s a m p le s  showing  s a m p le  number  
and  p o s i t i o n .  G u l f  S t r e a m  e n c o u n t e r e d  b e tw e e n  s a m p l e s  5 and 3 .
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F i g u r e  2 .  Map o f  u p p e r  James  R i v e r  showing  s am p le  num bers  and p o s i t i o n s .
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F i g u r e  3 .  Map o f  lo w e r  James R i v e r  show ing  sam p le  num bers  and p o s i t i o n s
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L a b o r a t o r y  W ork : F r o z e n  s a m p l e s  w e r e  thawed  a t  room t e m p e r a t u r e .  L ab ­
o r a t o r y  a n a l y s i s  was i n i t i a t e d  by a d j u s t i n g  s a m p l e s  t o  pH 2 . 0  -  2 . 5  
( W i l l i a m s ,  1965) to  c o n v e r t f  any  f a t t y  s o a p s  t o  t h e i r  f r e e  a c i d  f o r m s .
A 1 0 . 8  m i c r o g r a m  i n t e r n a l  s t a n d a r d  o f  p e n t a d e c a n o i c  a c i d ,  an  odd c a r b o n  
number  f a t t y  a c i d  n o t  u s u a l l y  fo u n d  n a t u r a l l y ,  was added  i n  a one 
m i l l i l i t e r  m e t h a n o l  s o l u t i o n  ( G u d z in o w ic z ,  1 9 6 7 ) .  The 8  l i t e r  s e a  
w a t e r  s a m p le  was t h e n  e x t r a c t e d  i n  a 2  l i t e r  s e p a r a t o r y  f u n n e l  f o r  
4 - 5  m i n u t e s  i n  1 l i t e r  a l i q u o t s ,  w i t h  two 50 m i l l i l i t e r  p o r t i o n s  o f  
g a s  c h r o m a t o g r a p h i c  p u r e  c h l o r o f o r m .  A l l  c h l o r o f o r m  e x t r a c t s  w e re  
com bined  i n  a  1 l i t e r  p y r e x  b e a k e r  and  r e d u c e d  i n  volume t o  1 -3  m i l l i ­
l i t e r s  on a h o t  w a t e r  b a t h  a t  60 C and q u a n t i t a t i v e l y  t r a n s f e r r e d  i n  a 
p e t r o l e u m  e t h e r  s o l u t i o n  t o  a 25 X 150 m i l l i m e t e r  t e s t  t u b e .  The 
p e t r o l e u m  e t h e r  was e v a p o r a t e d  i n  a s t r e a m  o f  p u r i f i e d ,  d r y  n i t r o g e n .  
T h r e e  m i l l i l i t e r s  o f  14 p e r  c e n t  BF^-CH^OH (W/W) was added  t o  t h e  
r e s i d u e  i n  t h e  t e s t  t u b e  w h ic h  was t h e n  h e a t e d  t o  b o i l  t h e  c o n t e n t s  
f o r  2  m i n u t e s ,  c o n v e r t i n g  t h e  f r e e  f a t t y  a c i d s  t o  t h e i r  r e s p e c t i v e  
m e t h y l  e s t e r s .
. .The f a t t y  a c i d  m e t h y l  e s t e r s  w e re  t r a n s f e r r e d  t o  a 125 m i l l i ­
l i t e r  e x t r a c t i o n  f l a s k  and  e x t r a c t e d  w i t h  d i s t i l l e d  w a t e r  and  p e t r o l e u m
e t h e r .  The  w a t e r  l a y e r  was d i s c a r d e d  and t h e  p e t r o l e u m  e t h e r  p o r t i o n  
t r a n s f e r r e d  t o  a 25 m i l l i l i t e r  b e a k e r ,  r e d u c e d  i n  vo lum e t o  5 - 1 0  m i c r o ­
l i t e r s ,  and  t r a n s f e r r e d  w i t h  a H a m i l to n  m i c r o - s y r i n g e  t o  a g l a s s  
c a p i l l a r y  t u b e .  M e l t e d  p a r a f f i n ,  w h ic h  was f a t t y  a c i d  f r e e ,  was u s e d  
t o  s e a l  t h e  e n ds  o f  t h e  c a p i l l a r y  t u b e .  The t u b e  was t h e n  u s e d  t o  s t o r e  
t h e  s am p le  u n t i l  i t  c o u l d  b e  a n a l y z e d .
An F and  M Model 402 High E f f i c i e n c y  Gas C h ro m a to g ra p h  e q u i p p e d
w i t h  f l a m e  i o n i z a t i o n  d e t e c t o r  was u s e d  f o r  f a t t y  a c i d  m e t h y l  e s t e r
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a n a l y s i s .  The e s t e r s  w e r e  removed f rom t h e  c a p i l l a r y  w i t h  a H a m i l to n  
m i c r o - s y r i n g e  a f t e r  one p a r a f f i n  p l u g  was removed .  The m e t h y l  e s t e r s  
w e r e  i n j e c t e d  i n t o  t h e  gas  c h r o m a t o g r a p h  and  s e p a r a t e d  on a 1 . 8 3  m e t e r ,  
0 . 6 3 5  c e n t i m e t e r  0 .  D. g l a s s  U - t u b e  column p a c k e d  w i t h  s i x  p e r c e n t  d i e t h y ­
l e n e  g l y c o l  s u c c i n a t e  on 8 0 /1 0 0  mesh D i a t a p o r t  S. The  e s t e r s  w e r e  r u n  
u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :  column t e m p e r a t u r e  180 C, f l a s h  h e a t e r
225 C, d e t e c t o r  t e m p e r a t u r e  195 C, Helium c a r r i e r  gas  f lo w  60 -  80 
m i l l i l i t e r s  p e r  m i n u t e .
A s t a n d a r d  s o l u t i o n  c o n s i s t i n g  o f  l a u r i c ,  m y r i s t i c ,  p e n t a d e c a n o i c ,  
p a l m i t i c ,  s t e a r i c ,  o l e i c ,  and l i n o l e i c  a c i d  m e t h y l  e s t e r s  was r u n  on t h e  
g a s  c h r o m a t o g r a p h  p r i o r  t o  r u n n i n g  t h e  s a m p l e s .  The s o l u t i o n  was p r e ­
p a r e d  by w e i g h i n g  p o r t i o n s  o f  t h e  f a t t y  a c i d s ,  c o m b in in g  t h e s e ,  and 
e s t e r i f y i n g  t h e  m i x t u r e  w i t h  t h e  BF^-CH^OH. A s a m p l e  o f  t h i s  s t a n d a r d  
s o l u t i o n  was c h r o m a t o g r a p h e d  e a c h  day b e f o r e  t h e  s a m p l e s ,  t o  p r o v i d e  
i n f o r m a t i o n  f o r  d e t e r m i n i n g  ECL v a l u e s  ( H o f s t e t t e r ,  1965;  Miwa et_. a l . ,  
1 9 6 0 ) .
I d e n t i f i c a t i o n  o f  t h e  f a t t y  a c i d  m e t h y l  e s t e r  p e a k s  on  t h e  c h r o ­
m a tog ram s  was d e t e r m i n e d  by  ECL v a l u e s  (Miwa ej t.  a l . . , 1960;  Woodford  and 
v a n  G e n t ,  1 9 6 0 ) .  C o n c e n t r a t i o n  v a l u e s  f o r  t h e  e s t e r s  w e re  o b t a i n e d  by 
a  m e thod  s i m i l a r  t o  t h a t  o f  G u d z in o w icz  ( 1 9 6 7 ) ,  b u t  r e s u l t s  w e re  e x ­
p r e s s e d  a s  c o n c e n t r a t i o n s  p e r  l i t e r  r a t h e r  t h a n  w e i g h t  p e r c e n t .
A d s o r p t i o n  E x p e r i m e n t s : S e p a r a t i o n  o f  f a t t y  a c i d s  from w a t e r  by a c t i ­
v a t e d  c a r b o n  a d s o r p t i o n  i n  a m a n n e r  s i m i l a r  t o  t h a t  u s e d  by  M o r r i s  and 
Weber (1962)  was i n v e s t i g a t e d .  I n  t h e i r  p r o c e d u r e  a l k y l  b e n z e n e  s u l ­
f o n a t e  was a d s o r b e d  f rom  s o l u t i o n  by  s h a k i n g  t h e  s o l u t i o n  i n  t h e  p r e s e n c e  
o f  a c t i v a t e d  c a r b o n .  T h i s  me thod  was n o t  f e a s i b l e  f o r  l a r g e  vo lum es  o f
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s e a  w a t e r ,  t h e r e f o r e ,  c a r b o n  co lumns  w e r e  c o n s t r u c t e d  o f  g l a s s  t u b i n g
0 . 6 1  m e t e r s  X 5 . 0 8  c e n t i m e t e r s  0 .  D. and  p a c k e d  w i t h  100 grams o f
a c t i v a t e d  c a r b o n  a s  d e s c r i b e d  i n  S t a n d a r d  Methods  o f  W a t e r  A n a l y s i s
( O r l a n d ,  1 9 6 5 ) .  A n o t h e r  column o f  0 . 9 2  m e t e r s  X 2 . 5 4  c e n t i m e t e r s  0.  D.
was a l s o  u s e d  to  p r o d u c e  a g r e a t e r  c a r b o n  p a c k i n g  l e n g t h .  W a te r  was
pumped by t h e  m e thod  d e s c r i b e d  i n t o  a h o l d i n g  v e s s e l ,  i n t e r n a l  s t a n d a r d
a d d e d ,  and  t h e n  a l l o w e d  to  r u n  d r o p w i s e  t h r o u g h  t h e  a c t i v a t e d  c a r b o n .
Two g a l l o n s  o f  w a t e r  r e q u i r e d  3 - 4  h o u r s  t o  r u n  t h r o u g h  t h e  c o lu m n s .
The co lumns  w e r e  t h e n  s t o r e d  a t  -20  C t o  a w a i t  e l u t i o n .
A f t e r  t h a w i n g ,  t h e  co lumns w e r e  e l u t e d  w i t h  800 m i l l i l i t e r s  o f
o r g a n i c  s o l v e n t .  S o l v e n t s  t r i e d  w e r e  e t h y l  a c e t a t e  and  c h l o r o f o r m
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f o l l o w e d  by  m e t h a n o l  ( H a m i l t o n ,  1 9 6 3 ) .  The e l u a t e s  w e r e  t h e n  c a r r i e d  
t h r o u g h  t h e  r e d u c t i o n  and e s t e r i f i c a t i o n  p r o c e d u r e s  d e s c r i b e d  ab o v e .
I n  t h e s e  e x p e r i m e n t s  two t y p e s  o f  a c t i v a t e d  c a r b o n  w e re  u s e d :  Colum bia
LC 2 0 / 4 8  mesh p r o d u c e d  by Union  C a r b i d e  and N uchar  WV-G 12X40 mesh 
p r o d u c e d  by  Wes t  V i r g i n i a  P u lp  and P a p e r .
RESULTS
C1 8  and C^ 4  f a t t y  a c i d s  a r e  t h e  d o m in a n t  com ponen ts  i n  t h e  a r e a  
s t u d i e d ,  s e e  F i g u r e  4 and  5 .  c h a i n s  a r e  u s u a l l y  w e l l  r e p r e s e n t e d
an d  h a v e  o n l y  s m a l l  v a r i a t i o n s  o f  c o n c e n t r a t i o n  i n  o c e a n  w a t e r .  0 ^ 5  
a c i d s  a r e  found  i n  s m a l l  am ounts  i n  t h e  o c e a n  b u t  i n  h i g h e r  c o n c e n ­
t r a t i o n s  i n  t h e  e s t u a r y .  The d e g r e e  o f  u n s a t u r a t i o n  i s  g r e a t e r  i n  t h e  
e s t u a r y  t h a n  i n  t h e  o c e a n  a s  i s  t h e  number  o f  a c i d s  p r e s e n t .  The s h e l f  
w a t e r s  and  o c e a n  w a t e r  a d j a c e n t  t o  t h e  G u l f  S t r e a m  had  s i m i l a r  c o n ­
c e n t r a t i o n s ,  b u t  i n  t h e  S a r g a s s o  Sea t h e r e  w e re  f e w e r  a c i d s  d e t e c t a b l e  
and  c o n c e n t r a t i o n s  w e r e  l o w e r ,  e x c e p t  f o r  C-^g a c i d s  w h ic h  w e re  fo u n d  
i n  c o n s i d e r a b l e  q u a n t i t i e s .  I n  t h e  G u l f  S t r e a m  g r e a t e r  q u a n t i t i e s  o f  
a c i d s  w e r e  e n c o u n t e r e d ,  w i t h  many a c i d s  p r e s e n t .
C o n c e n t r a t i o n s  o f  t h e  component  and  t o t a l  f a t t y  a c i d s  v a r y  
f rom  s t a t i o n  t o  s t a t i o n  a s  shown i n  F i g u r e s  4 ,  5 ,  6 , and  7 ;  t h e  v a r i -  
~ a t i o n ~ i s  c o n f i n e d  t o  a r r a n g e  o f  0 . 1 " -~5 m i c r o g r a m s  p e r  l i t e r  f o r  t h e  
com ponent  a c i d s  and 10 -  25 m ic ro g ra m s  p e r  l i t e r  f o r  t h e  t o t a l  f a t t y  
a c i d  c o n t e n t .  N o t a b l e  e x c e p t i o n s  o f t e n  o c c u r  i n  i n d u s t r i a l i z e d  o r  
h i g h l y  p o p u l a t e d  a r e a s ,  f o r  e x am p le ,  n e a r  t h e  s h i p y a r d  a t  Newport  
News P o i n t ,  o r  i n  t h e  v i c i n i t y  o f  H o p e w e l l .  At any  s t a t i o n  t h e  a c i d  
c o n c e n t r a t i o n s  v a r y  d i r e c t l y ;  t h a t  i s ,  when one  com ponent  i s  h i g h  
o t h e r  com ponen ts  a r e  a l s o  r e l a t i v e l y  h i g h .
W a t e r s  n e a r  p o p u l a t i o n  and  i n d u s t r i a l  c e n t e r s  a r e  c h a r a c t e r i z e d  
by  l a r g e  numbers  o f  a c i d s  and  more  odd c h a i n  l e n g t h  a c i d s  t h a n  i n
17
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F i g u r e  4 .  P l o t  show ing  t h e  r a n g e  o f  c o n c e n t r a t i o n s  i n  m i c r o g r a m s  p e r  
l i t e r  f o r  t h e  C^g, C^g,  C l 5 s and f a t t y  a c i d s  v e r s u s  d e g r e e s
o f  l o n g i t u d e  f o r  o c e a n  s a m p l e s .  L a t i t u d e  was 36°  3 8 ’ f o r  a l l  s a m p l e s .
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F i g u r e  5 .  P l o t  show ing  t h e  r a n g e  o f  c o n c e n t r a t i o n s  i n  m i c ro g ra m s  p e r  
l i t e r  f o r  C^g, C ]^ ,  C^a , and C-^g f a t t y  a c i d s  v e r s u s  d e g r e e s
l o n g i t u d e .  H opew el l  77°  14 . C h ickahom iny  R i v e r  mouth  76°  5 2 . 5 * .
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F i g u r e  6 . T o t a l  f a t t y  a c i d  c o n c e n t r a t i o n s  i n  m i c r o g r a m s  p e r  l i t e r  
v e r s u s  d e g r e e s  o f  l o n g i t u d e  show ing  v a r i a t i o n s  i n  c o n c e n t r a t i o n  w i t h  
l o n g i t u d e  i n  t h e  James  R i v e r .  H opew e l l  a r e a  7 7 °  1 4 ' .  C h ickahom iny  
R i v e r  mouth  76°  5 2 . 5 ' .
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F i g u r e  7 .  T o t a l  c o n c e n t r a t i o n s  o f  f a t t y  a c i d s  i n  m i c r o g r a m s  p e r  
l i t e r  v e r s u s  d e g r e e s  l o n g i t u d e  show ing  v a r i a t i o n s  i n  c o n c e n t r a t i o n  
w i t h  l o n g i t u d e  i n  t h e  A t l a n t i c  Ocean o f f  mouth o f  C h e s a p e a k e  Bay.  
G u l f  S t r e a m  a r e a  73°  4 5 1 t o  71° 1 0 '  a p p r o x i m a t e l y .
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u n d i s t u r b e d  a r e a s .  A s a m p le  c o l l e c t e d  a t  a s t a t i o n  j u s t  b e lo w  H opew el l  
c o m p l e t e l y  f l o o d e d  t h e  g a s  c h r o m a t o g r a p h i c  co lumn.
A c t i v a t e d  c a r b o n  a d s o r p t i o n  was t e s t e d  a s  an  a l t e r n a t e  m e thod  
f o r  t h e  r e m o v a l  o f  f a t t y  a c i d s  f rom  s e a  w a t e r .  W a t e r  s a m p l e s  p a s s e d  
t h r o u g h  c a r b o n  co lumns p a c k e d  w i t h  Co lum bia  LC a c t i v a t e d  c a r b o n  and 
e l u t e d  w i t h  e t h y l  a c e t a t e ,  y i e l d e d  c h ro m a to g ra m s  w h ic h  w e re  b l a n k .
C a rb o n  co lumns  p a c k e d  w i t h  N u ch a r  WV-G and e l u t e d  w i t h  c h l o r o f o r m  
f o l l o w e d  by  m e t h a n o l  y i e l d e d  c h ro m a to g ra m s  s i m i l a r  t o  t h o s e  o b t a i n e d  
b y  t h e  s o l v e n t  e x t r a c t i o n  o f  s e a  w a t e r .  The t o t a l  c o n c e n t r a t i o n s  w e re  
a l s o  o f  t h e  same m a g n i t u d e ;  a p p r o x i m a t e l y  14 m i c ro g ra m s  p e r  l i t e r  f o r  
t h e  t o t a l  and  1 - 4  m i c r o g r a m s  p e r  l i t e r  f o r  t h e  co m p o n e n t s .
DISCUSSION
L a b o r a t o r y  Methods  
The i d e n t i f i c a t i o n s  g i v e n  i n  T a b l e  I I  i n  t h e  A p p en d ix  a r e  some­
w h a t  t e n t a t i v e ,  b e c a u s e  t h e  unknowns w e r e  o n l y  r u n  on one  t y p e  co lumn.  
The i d e n t i f i c a t i o n  o f  t h e  s a t u r a t e d  a c i d s ,  o T e i c ,  and  l i n o l e i c  a c i d  
a r e  p r o b a b l y  b e t t e r ,  a s  t h e y  w e r e  r u n  e a c h  day  i m m e d i a t e l y  p r i o r  t o  
t h e  s a m p l e s  and  u n d e r  i d e n t i c a l  c o n d i t i o n s .  T h e r e f o r e  t h e i r  r e t e n t i o n  
t i m e s  w e re  known e x a c t l y ,  and  c o u l d  b e  com pared  t o  t h e  unknowns.  One 
s t a t i o n a r y  p h a s e  was u s e d  b e c a u s e  t h e  p r i m a r y  o b j e c t i v e  was t o  exam ine  
t h e  James  R i v e r  E s t u a r y  w a t e r  and  a d j a c e n t  s h e l f  w a t e r  f o r  a c i d  com­
p o s i t i o n .  T h i s  r e q u i r e d  w id e  c o v e r a g e  o f  t h e  a r e a  r a t h e r  t h a n  t h e  
e x a c t  a n a l y s e s  o f  a  few s a m p l e s .  T h e r e f o r e  t h e  a u t h o r  f e l t  i t  b e t t e r  
t o  sp e n d  t h e  l i m i t e d  am ount o f  t i m e  on s a m p l i n g  a g r e a t e r  a r e a  and  
o b t a i n i n g  m ore  d a t a  t h a n  on  r u n n i n g  a few s a m p l e s  w i t h  s l i g h t l y  im proved  
a c c u r a c y  o f  a n a l y s e s .  P eak s  t h a t  d i d  n o t  c o r r e s p o n d  e x a c t l y  t o  t h o s e  
i n  t h e  s t a n d a r d  s o l u t i o n  w e re  t e n t a t i v e l y  i d e n t i f i e d  by  t h e  ECL m e thod  
(Woodford  and  v a n  G e n t ,  1960;  Miwa e t .  a l .^ ,  1 9 6 0 ) .  I n  t h i s  m e thod  t h e  
r e t e n t i o n  t i m e s  ( t i m e  f rom s a m p le  i n j e c t i o n  u n t i l  a  g i v e n  component  
em erges  f rom t h e  co lumn)  a r e  e x p r e s s e d  by  a c h a i n  l e n g t h  e q u i v a l e n t  
t o  a  homolog o f  t h e  s a t u r a t e d ,  m o n o c a r b o x y l i c  f a t t y  a c i d s .  ECL 
num bers  a r e  d e t e r m i n e d  by  p l o t t i n g  t h e  l o g  o f  t h e  r e t e n t i o n  t i m e  
v e r s u s  c a r b o n  number  (number  o f  c a r b o n  a toms i n  f a t t y  a c i d )  f o r  two 
o r  m ore  known s a t u r a t e d  m o n o c a r b o x y l i c  f a t t y  a c i d s .  Then ,  t h e  b e s t
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s t r a i g h t  l i n e  i s  drawn t h r o u g h  t h e s e  p o i n t s ,  s e e  F i g u r e  8 . An unknown 
p e a k  i s  t h e n  t e n t a t i v e l y  i d e n t i f i e d  by r e a d i n g  t h e  ECL v a l u e  c o r r e s ­
p o n d i n g  t o  l o g  r e t e n t i o n  t i m e  i n  an  ECL p l o t .
The ECL s y s t e m  o f  i d e n t i f i c a t i o n  i s  w i d e l y  u s e d  f o r  s e v e r a l  
r e a s o n s .  Miwa et_. a_l. (1960)  s t u d i e d  t h e  e f f e c t s  o f  e x p e r i m e n t a l  c o n ­
d i t i o n s  on ECL numbers  and  fo u n d  t h a t  t h e y  r e m a in e d  c o n s t a n t  f o r  v a r i o u s  
f lo w  r a t e s ,  s m a l l  d i f f e r e n c e s  i n  t e m p e r a t u r e ,  v a r i a t i o n s  i n  column 
l e n g t h s  and  d i a m e t e r s ,  and  mesh s i z e  o f  s o l i d  s u p p o r t .  S l o p e s  v a r i e d  
s l i g h t l y  w i t h  t e m p e r a t u r e .  ECL v a l u e s  make i n t e r l a b o r a t o r y  c o m p a r i s o n s ,  
and c o m p a r i s o n s  w i t h  l i t e r a t u r e  v a l u e s  p o s s i b l e ,  a s  t h e  ECL v a l u e  i s  
i n d e p e n d e n t  o f  o p e r a t i n g  c o n d i t i o n s ,  b u t  d e p e n d e n t  on s t a t i o n a r y  p h a s e  
and  c o n c e n t r a t i o n ,  w h ic h  m u s t  b e  s p e c i f i e d .
A l t h o u g h  t h e  ECL s y s t e m  i s  a r e l i a b l e  a i d ,  i t  c a n n o t  b e  u s e d  
f o r  c o m p l e t e  unknown i d e n t i f i c a t i o n .  I t  i s  common p r a c t i c e ,  when 
p o s s i b l e ,  t o  u s e  two d i f f e r e n t  s t a t i o n a r y  p h a s e s ,  a s  n o t e d  a b o v e .  At 
i t s  b e s t  t h i s  i s  s t i l l  a t e n t a t i v e  i d e n t i f i c a t i o n  (H o r n in g  _et. a l . .
1964)  . The  o n l y  a b s o l u t e  i d e n t i f i c a t i o n  i s  by  co m b in in g  t h e  GLC 
i n f o r m a t i o n  w i t h  t h a t  f o r  h y d r o g e n a t e d  s a m p le s  and  o t h e r  c h e m i c a l  means 
o f  d e t e r m i n i n g  s t r u c t u r e .  A mass  s p e c t r o m e t e r  a s  d e t e c t o r  f o r  t h e  
GLC w o u ld  a s s i s t  i n  i d e n t i f i c a t i o n  b e c a u s e  i t  w o u ld  show t h e  a t o m i c  
c o m p o s i t i o n  o f  eac h  p e a k .
The ch ro m a to g ra m s  w e r e  e v a l u a t e d  f o r  p e a k  a r e a  by  t h r e e f o l d  
p l a n i m e t r y .  A l t h o u g h  o t h e r  m e th o d s  . co u ld  have  b e e n  u s e d  s u c h  a s  
w e i g h i n g ,  t r i a n g u l a t i o n ,  and  h e i g h t  t i m e s  w i d t h  a t  h a l f  p e a k  h e i g h t ,  
t h e  t h r e e f o l d  p l a n i m e t r y  i s  as  a c c u r a t e  and  p r e c i s e  a s  t h e  o t h e r  
m e th o d s  ( S t e i n  a t .  a l ^ . , 1 9 6 7 ) .  The b a s e l i n e  was i n t e r p o l a t e d  t o  form 
a  c l o s e d  s u r f a c e  f o r  t h e  p l a n i m e t r y .
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F i g u r e  8 . E q u i v a l e n t  c h a i n  l e n g t h  p l o t ;  u n k n o w n 's  ECL i s  d e t e r m i n e d  
b y  l o c a t i n g  t h e  Log o f  i t s  r e t e n t i o n  t i m e  on t h e  Log Rj« a x i s ,  r e a d i n g  
a c r o s s  t o  c u r v e  i n t e r s e c t i o n ,  and  r e a d i n g  down t o  c a r b o n  num ber .
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An i n t e r n a l  s t a n d a r d  t e c h n i q u e  l i k e  t h a t  o f  G udz inow icz  (1967)  
was  u s e d  t o  d e t e r m i n e ' t h e  c o n c e n t r a t i o n s  o f  t h e  p e a k s  on t h e  c h r o m a t o ­
g ra m s .  I n  t h i s  m e thod  a s p i k e  o f  known c o n c e n t r a t i o n  i s  added  t o  e a c h  
s a m p l e  w h ic h  i s  t h e n  c a r r i e d  t h r o u g h  t h e  l a b o r a t o r y  p r o c e d u r e  and 
c h r o m a t o g r a p h e d .  T h i s  p e a k  i s  t h e n  l o c a t e d  on t h e  ch ro m a to g ra m  by 
ECL d a t a ,  and  i t s  a r e a  d e t e r m i n e d .  S i n c e  i t  h a s  b e e n  v e r i f i e d  t h a t  
t h e  a r e a  o f  f a t t y  a c i d  m e t h y l  e s t e r  p e a k s  g i v e  a d i r e c t  w e i g h t  p e r c e n t  
m e a s u r e m e n t  f o r  Cg and lo n g  c h a i n  f a t t y  a c i d s  (H o r n in g  . e t .  a T . ,  1 9 6 4 ) ,  
t h e  c o r r e c t i o n  f a c t o r  i s  o n e .  A l s o ,  t h e  mass  r e s p o n s e  f o r  l o n g  c h a i n  
u n s a t u r a t e d  a c i d s  c o n t a i n i n g  m u l t i p l e  m e t h y l e n e  i n t e r r u p t e d  d o u b l e  
bonds  i s  no  d i f f e r e n t  t h a n  t h a t  f o r  s a t u r a t e d  c o m p o n e n t s .  The  a r e a  o f  
t h e  i n t e r n a l  s t a n d a r d  p e a k  i s  d i v i d e d  i n t o  t h e  v a r i o u s  p e a k  a r e a s  and  
r e s u l t s  m u l t i p l i e d  by t h e  c o n c e n t r a t i o n  c o r r e s p o n d i n g  t o  t h e  unknown 
p e a k s .  I t  s h o u l d  b e  n o t e d  t h a t  t h i s  m e thod  i s  i n d e p e n d e n t  o f ' t h e  
s i z e  s a m p l e  i n j e c t e d  i n t o  t h e  g a s  c h r o m a t o g r a p h ,  and  o n l y  d e p e n d s  on 
t h e  o r i g i n a l  c o n c e n t r a t i o n  o f  t h e  i n t e r n a l  s t a n d a r d  b a s e d  on t h e  
o r i g i n a l  w a t e r  s a m p le  v o lu m e .
The C o lum bia  LC c a r b o n  g a v e  n e g a t i v e  r e s u l t s  b e c a u s e  e i t h e r  
p o r e  s i z e  was t o o  l a r g e  o r  t o o  s m a l l  and a c i d s  w e r e  n o t  a d s o r b e d ,  o r  
t h e y  w e re  a d s o r b e d  so  s t r o n g l y  e l u t i o n  was i m p o s s i b l e .  E t h y l  a c e t a t e  
was em ployed  t o  e l u t e  t h e  co lumn o f  c a r b o n  w i t h  l i t t l e  s u c c e s s .  
C h ro m a to g ra p h e d  s a m p l e s  o f  t h e  e l u a t e  gave  o n l y  a  sm oo th  b a s e l i n e .
A f t e r  s e v e r a l  r u n s  o f  s p i k e d  s a m p le  t h r o u g h  t h i s  t y p e  c a r b o n  column 
w i t h  no p e a k s  a p p a r e n t ,  t h i s  c a r b o n  was a b a n d o n e d .
N u c h a r  WV-G was  a l s o  t r i e d ,  s e e  T a b l e  I I I  i n  A p p en d ix  f o r  
s p e c i f i c a t i o n s .  I t s  p o r e  s i z e ,  d i f f e r e n t  f rom  C olum bia  LC, c o r r e s ­
ponded  c l o s e r  t o  t h e  m o l e c u l a r  d i m e n s i o n s  o f  t h e  f a t t y  a c i d  m o l e c u l e s .
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The WV-G co lumn was e l u t e d  w i t h  c h l o r o f o r m  f o l l o w e d  by  m e t h a n o l ;  t h e  
e l u a t e  was t h e n  c a r r i e d  t h r o u g h  t h e  e s t e r i f i c a t i o n  p r o c e d u r e  and ch rom a­
t o g r a p h e d .  The r e s u l t i n g  ch ro m a to g ram s  w e re  s i m i l a r  t o  t h o s e  a c h i e v e d  
by  s o l v e n t  e x t r a c t i o n .  C o n c e n t r a t i o n s  f o r  com ponen ts  w e re  1 - 4  
m i c r o g r a m s  p e r  l i t e r  and  f o r  t o t a l  14 m ic ro g ra m s  p e r  l i t e r ,  s e e  s am p le  
# 2 8 *  i n  T a b l e  I I .  T h i s  was s i m i l a r  t o  t h e  a v e r a g e  c o n c e n t r a t i o n s  
e n c o u n t e r e d  i n  t h i s  s t u d y .  Components i d e n t i f i e d  w e r e  a l s o  s i m i l a r .  
A l t h o u g h  s i m u l t a n e o u s  s o l v e n t  and c a r b o n  e x t r a c t i o n s  o f  one  s am ple  
w e r e  n o t  a n a l y z e d ,  t h e  i n d i c a t i o n s  a r e  t h a t  c a r b o n  a d s o r p t i o n  i s  a 
f e a s i b l e  me thod  f o r  f a t t y  a c i d  re m o v a l  f rom s e a  w a t e r .
B e f o r e  c o m p a r in g  t h e  r e s u l t s  i n  t h i s  work w i t h  s i m i l a r  works
4
i n  o t h e r  a r e a s ,  a p ro b le m  r e l a t i n g  t o  t h e  means o f  e s t e r i f i c a t i o n  o f  
t h e  s a m p le s  m u s t  b e  d i s c u s s e d .  W i l l i a m s  (1961  and 1965) e s t e r i f i e d  
e x t r a c t i o n  r e s i d u e s  u n d e r  r e f l u x  f o r  one  h o u r  i n  1 0  m i l l i l i t e r s  o f  
m e t h a n o l  c o n t a i n i n g  1  p e r c e n t  s u l f u r i c  a c i d  and  1  p e r c e n t  b e n z e n e .
Slowey  je t .  aJL. (1962)  c a r r i e d  o u t  e s t e r i f i c a t i o n s  by d i s s o l v i n g  t h e  
e x t r a c t i o n  r e s i d u e  i n  4 m i l l i l i t e r s  o f  5 p e r c e n t  (W/W) d r y  h y d r o c h l o r i c  
a c i d  i n  m e t h a n o l  and  1  m i l l i l i t e r  o f  d r y  b e n z e n e ,  r e f l u x i n g  t h i s  
m i x t u r e  f o r  2 h o u r s .  Ushakov e t . a l .  (1966)  c o n v e r t e d  e x t r a c t s  t o  
t h e  e s t e r s  by t r e a t m e n t  w i t h  d i a z o m e t h a n e . I n  t h e  p r e s e n t  w ork  e s t e r i -  
f i c a t i o n  was done  by b o i l i n g  t h e  e x t r a c t  i n  3 m i l l i l i t e r s  o f  BF3 -CH3 OH 
r e a g e n t  f o r  2  m i n u t e s ,  c o n v e r t i n g  t h e  f r e e  a c i d s  q u a n t i t a t i v e l y  to  
t h e i r  m e t h y l  e s t e r s  ( M e t c a l f e  and  S c h m i t z ,  1 9 6 1 ) .  S i n c e  t h e  f o u r  
works  i n v o l v e d  d i f f e r e n t  m e th o d s ,  t h e  q u e s t i o n  a r i s e s  a s  t o  w h e t h e r  
a l l  m e th o d s  r e l a t e  t o  t h e  same c h e m i c a l  s p e c i e s  o f  d i s s o l v e d  f a t t y  
a c i d s .  Some d i ^  and  t r i g l y c e r i d e s  may b e  u n q u a n t i t a t i v e l y  d e - e s t e r i f y i n g  
t o  y i e l d  t h e i r  f a t t y  a c i d  co m p o n e n t s ,  t h e  d e g r e e  o f  d e - e s t e r i f i c a t i o n
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d e p e n d i n g  on t h e  m e thod  u s e d .  The BF3 -CH3 OH e s t e r i f i c a t i o n  was n o t  
u s e d  i n  any  p r e v i o u s l y  s t a t e d  w o r k s ,  b u t  i t  s h a l l  b e  assumed h e r e  t h a t  
t h e  v a r i o u s  e s t e r i f i c a t i o n  p r o c e d u r e s  g i v e  s i m i l a r  r e s u l t s  i n  a n a l y s i s  
o f  a m i x t u r e  o f  f r e e  f a t t y  a c i d s  and  l i p i d s .
L a u r i e  a c i d  m e t h y l  e s t e r  w i l l  n o t  b e  c o n s i d e r e d  a s  t h e r e  i s
some d o u b t  a s  t o  i t s  o r i g i n .  A l th o u g h  g l a s s w a r e  was w ash ed  and r i n s e d  
t h r e e  t i m e s  w i t h  t a p  w a t e r ,  d i s t i l l e d  w a t e r ,  and f i n a l l y  m e t h a n o l ,  
l a u r i c  a c i d  a p p e a r e d  t o  some e x t e n t  on m o s t  c h r o m a to g r a m s .  I n  an  
a t t e m p t  t o  d e t e r m i n e  w h e t h e r  l a u r i c  was a c o n t a m i n a t i o n ,  a b l a n k  was 
r u n  on  t h e  c a r b o n  co lum n .  L a u r i c  a c i d  was p r e s e n t  on t h e  c h ro m a to g ram s  
o f  t h e  b l a n k s ,  b u t  no o t h e r  c o n t a m i n a n t s  w e re  o b s e r v e d .  S i n c e  l a u r a t e  
i s  a  common c o n s t i t u e n t  o f  s o a p s ,  i t  c o u l d  h a v e  b e e n  a c o n t a m i n a n t  due
t o  i n s u f f i c i e n t  r i n s i n g  o f  g l a s s w a r e ,  b u t  t h e r e  i s  a l s o  t h e  p o s s i b i l i t y
t h a t  t h e r e  w e re  s m a l l  amounts  i n  t h e  d i s t i l l e d  w a t e r .  A b l a n k  o f  d i s ­
t i l l e d  w a t e r  was r u n  and  1 - 5  m i c o rg ra m s  p e r  l i t e r  o f  t h i s  a c i d  w e re  
d e t e c t e d .  T h e r e  i s  no way t o  s e p a r a t e  t h e  amount o f  l a u r i c  a c i d  t h a t  
was p r e s e n t  due t o  c o n t a m i n a t i o n  and  t h a t  amount due  to  o c c u r r e n c e  i n  
t h e  s a m p l e .
A r e a l  V a r i a t i o n s
R e g i o n a l  c o n c e n t r a t i o n s  o f  f a t t y  a c i d s  may b e  s e e n  i n  F i g u r e s  4 
and  5 .  I n  t h e  s h e l f  w a t e r  a r e a ,  t o t a l  a c i d s  v a r i e d  somewhat,  b u t  
r a n g e d  f rom 10 -  25 m i c r o g r a m s  p e r  l i t e r .  As d e e p e r  w a t e r  was a p p r o a c h e d ,  
t h e  v a r i a t i o n  d i m i n i s h e d ,  s i g n i f y i n g  a more  s t a b l e  e n v i r o n m e n t .  No 
e x p l a n a t i o n  c an  b e  o f f e r e d  a t  t h i s  t i m e  f o r  t h e  h i g h e r  c o n c e n t r a t i o n  
o f  t o t a l  f a t t y  a c i d s  o b s e r v e d  i n  t h e  G u l f  S t r e a m .  I n  t h e  S a r g a s s o  
Sea t h e  t o t a l  amount o f  a c i d s  a g a i n  i s  l e s s  t h a n  i n  t h i s  a r e a  o f  low 
p r o d u c t i v i t y  and  s t a n d i n g  c r o p .  B e c a u s e  l i t t l e  work h a s  b e e n  done  on
h o r i z o n t a l  d i s t r i b u t i o n s ,  e s p e c i a l l y  i n  t h e  V i r g i n i a n  a r e a ,  i t  i s  h a r d  
t o  e x p l a i n  t h e s e  f l u c t u a t i o n s .  But  i t  s h o u l d  b e  n o t e d  t h a t  t h e  r a n g e  
o f  0 . 1  -  5 m i c r o g r a m s  p e r  l i t e r  f o r  c o m p o n e n t s ,  10 - 25 m i c ro g ra m s  p e r  
l i t e r  f o r  t o t a l s  i s  f a i r l y  c o n s t a n t  f o r  t h i s  a r e a ,  i n d i c a t i n g  t h e s e  t o  
be  t h e  " r e a l  v a l u e s "  f o r  c o n c e n t r a t i o n s .
I n  t h e  bay  and  r i v e r  t o t a l  c o n c e n t r a t i o n s  v a r i e d  o v e r  a  s l i g h t l y  
g r e a t e r  r a n g e  t h a n  i n  t h e  o c e a n i c  s a m p l e s .  N e a r  i n d u s t r i a l  a r e a s ,  s u c h  
a s  t h e  N ew port  News S h i p y a r d s  and  H opew e l l  w h e re  sewage and o t h e r  c o n ­
t a m i n a n t s  a r e  dumped i n t o  t h e  r i v e r ,  t h e r e  w e r e  v e r y  h i g h  t o t a l  f a t t y  
a c i d  c o n c e n t r a t i o n s ,  w h ich  a p p a r e n t l y  o r i g i n a t e d  f rom t h e  o r g a n i c  
m a t e r i a l  a d d e d .
E x c e p t  i n  a r e a s  o f  e n r i c h m e n t ,  t h e  t o t a l  f a t t y  a c i d  c o n c e n t r a ­
t i o n s  i n  e s t u a r y  and  o c e a n  w e re  a p p r o x i m a t e l y  t h e  same ( F i g u r e s  6  and 7) 
b u t  c o n s t i t u e n t s  w e r e  d i f f e r e n t .  T h e r e  w e r e  h i g h e r  am ounts  o f  C-j^ i n  
t h e  o c e a n  t h a n  i n  t h e  e s t u a r y .  The c o n v e r s e  was t r u e  f o r  t h e  
( F i g u r e s  4 and  5)  a c i d s  w h ic h  a r e  n o t  n a t u r a l l y  a b u n d a n t ,  so t h e  C- j^ 's  
a r e  p r o b a b l y  due  t o  e n r i c h m e n t .  I n  t h e  e n r i c h e d  a r e a s  t h e  a c i d
was a lw a y s  f o u n d ,  b u t  i n f r e q u e n t l y  d e t e c t e d  i n  u n d i s t u r b e d  a r e a s .
I n  t h e  S a r g a s s o  Sea w h e re  com ponen ts  and  t o t a l s  w e re  lo w e r  
t h e r e  was a l a r g e  amount o f  1 8 :3  a c i d  p r e s e n t ,  3 6 . 0  m i c r o g r a m s  p e r  l i t e r  
T h i s  may b e  c h a r a c t e r i s t i c  o f  m a r i n e  c o m m u n i t i e s  f u n c t i o n i n g  i n  low 
n u t r i e n t  e n v i r o n m e n t .
B i o c h e m i c a l  Mechan isms
P r i m a r y  p r o d u c e r s  p r o d u c e  e v e n  numbered  f a t t y  a c i d s  w i t h  s m a l l  
am oun ts  o f  u n e v e n  numbered  a c i d s .  T h e s e  a c i d s  a r e  p r o b a b l y  i n t r o d u c e d  
i n t o  t h e  w a t e r  by e x c r e t i o n  and  d i s s o l u t i o n  o f  dead  o r g a n i s m s .
The even  numbered  and  odd numbered  a c i d s  a r e  d e g r a d e d  by 
B - o x i d a t i o n s . The o n l y  d i f f e r e n c e  b e i n g  i n  t h e  p r o d u c t s  f o rm e d .  The 
t e r m i n a l  c l e a v a g e  o f  t h e  e v e n  numbered  a c i d s  y i e l d s  two m o l e c u l e s  o f  
a c e t y l - S C o A ,  b u t  t h e  t e r m i n a l  c l e a v a g e  o f  B - k e t o - v a l e r y l - S C o A  y i e l d s  
one  m o l e c u l e  o f  a c e t y l - S C o A  and one  m o l e c u l e  o f  p r o p io n y l - S C o A .  The 
p r o p i o n y l - S C o A  can  t h e n  be  m e t a b o l i z e d  f u r t h e r  by a v a r i e t y  o f  pa th w a y s  
One commonly o c c u r r i n g  i n  m i c r o - o r g a n i s m s  i s  t h e  m e t h y l  m a lo n y l  
p a t h w a y ,  w h ic h  i n v o l v e s  t h e  A T P -d ep en d en t  c a r b o x y l a t i o n  o f  p r o p i o n y l -  
SCoA. The p r o d u c t  i s  m e t h y l  m a lony l -SCoA  w h ic h  i n  t u r n  i s  r a c e m i z e d
t o  s u c c i n y l - S C o A  (M a h le r  and  C o r d e s ,  1 9 6 6 ) .
B i o t i n  COOH
Mg++ I
CH3 CH2  CO- SCoA+ATP+CO2  --------  CH3 C    CO-SCoA+ADPdPi
A l t h o u g h  t h e  b i o s y n t h e s i s  o f  s a t u r a t e d  f a t t y  a c i d s  v i a  a c e t y l -
SCoA a d d i t i o n s  i s  w e l l  u n d e r s t o o d ,  t h e  p r o d u c t i o n  o f  u n s a t u r a t e d  f a t t y
a c i d s  i s  i n c o m p l e t e l y  u n d e r s t o o d .  The c u r r e n t  l i n e  o f  t h o u g h t  i s  t h a t
u n s a t u r a t e d  f a t t y  a c i d s  i n  a e r o b i c  o r g a n i s m s  a p p e a r  t o  r e s u l t  f rom t h e
d e s a t u r a t i o n  o f  p r e f o r m e d  f a t t y  a c i d s  v i a  a n  o x y g e n a t e d  i n t e r m e d i a t e
o t h e r  t h a n  h y d r o x y  a c i d  (B lo c h  et^. a d . ,  1 9 6 1 ) .  The s i m u l t a n e o u s
p r e s e n c e  o f  oxy g en  and  NADPH i s  v i t a l  t o  t h e  p r o c e s s .
C o n c e n t r a t i o n  L e v e l s  
W i l l i a m s  (1965)  fo u n d  t h a t  d i s s o l v e d  f a t t y  a c i d s  i n  s e a  w a t e r  
r a n g e d  f rom 1 - 9  m i c r o g r a m s  p e r  l i t e r .  I n  a n  e a r l i e r  work (1961)  h e  
f o u n d  t h e  a c i d s  p r e s e n t  a t  1 0  t i m e s  h i g h e r  c o n c e n t r a t i o n s  and  was 
u n a b l e  t o  a c c o u n t  f o r  t h e  d i f f e r e n c e ,  s a y i n g  i t  m i g h t  b e  r e a l  o r  due  
t o  c o n t a m i n a t i o n  i n  t h e  e a r l i e r  w ork .  The p r e s e n t  r e s u l t s  a r e  more 
i n  a g r e e m e n t  w i t h  W i l l i a m s *  l a t e r  f i n d i n g s  w i t h  t h e  c o n c e n t r a t i o n s  
r e p o r t e d  h e r e ,  a v e r a g i n g  3 - 4  t i m e s  g r e a t e r .  Some s a m p l e s  a g r e e d  
v e r y  c l o s e l y .  D i f f e r e n c e s  may b e  due  t o  s a m p l i n g  d e p t h s .  W i l l i a m s
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s a m p le d  a t  2 0  m e t e r s  and  t h i s  a u t h o r  s am p led  a t  2  m e t e r s  w h e re  t h e  a c i d s  
m i g h t  b e  i n  h i g h e r  c o n c e n t r a t i o n s .
S lowey e t .  a_l. (1962)  found  f a t t y  a c i d s  a t  c o n c e n t r a t i o n s  o f  
0 . 1  -  0 . 8  m i l l i g r a m s  p e r  l i t e r  i n  w a t e r s  o f  t h e  G u l f  o f  M ex ico .  T h i s  
r a n g e  i s  100 t i m e s  g r e a t e r  t h a n  w h a t  W i l l i a m s  (1965)  and  t h e  p r e s e n t  
work e n c o u n t e r e d .  As Slowey was o n l y  c o n c e r n e d  w i t h  v e r t i c a l  d i s t r i ­
b u t i o n s  i n  t h e  G u l f  o f  Mexico,  no f u r t h e r  c o m p a r i s o n s  t o  r e s u l t s  i n  
t h i s  w ork  c an  b e  made .
J e f f r e y  (1966)  d e t e r m i n e d  t h e  t o t a l  l i p i d s  i n  s e a  w a t e r ,  
e x t r a c t i n g  a l l  f a t t y  a c i d  fo rms  and  s e p a r a t i n g  t h e  e x t r a c t s  by  t h i n  
f i l m  c h r o m a t o g r a p h y .  The i n d i v i d u a l  f r a c t i o n s  w e re  a n a l y z e d ,  i n  p a r ­
t i c u l a r  i d e n t i f y i n g  t h e  f a t t y  a c i d  f r a c t i o n s ,  b u t  no t"  p r o v i d i n g  
q u a n t i t a t i v e  i n f o r m a t i o n  beyond  p e r c e n t  c o m p o s i t i o n .  On a few i s o ­
l a t e d  s a m p l e s ,  a c i d  c o n c e n t r a t i o n s  i n  t h e  t e n t h s  t o  h u n d r e d t h s  o f  
m i l l i g r a m s  p e r  l i t e r  r a n g e  w e r e  f o u n d .  J e f f r e y  (1966)  s t a t e s  t h a t  
l i p i d  c o n c e n t r a t i o n  i n  s e a  w a t e r  v a r i e s  v e r t i c a l l y ,  h o r i z o n t a l l y ,  and 
s e a s o n a l l y  i n  t h e  s u r f a c e  l a y e r s ,  and t h a t  h i g h e r  c o n c e n t r a t i o n s  a r e  
fo u n d  i n  n e a r s h o r e  w a t e r s ,  b a y s ,  and s u r f a c e  w a t e r  o f  t h e  c o n t i n e n t a l  
s h e l f  w h e r e  b i o l o g i c a l  p r o d u c t i v i t y  i s  h i g h .  " L i p i d s  do n o t  a c c u m u l a t e  
i n  t h e  s e a  b e c a u s e  a t  f i x e d  p o s i t i o n s  c o n c e n t r a t i o n s  v a r y  c o n s i d e r a b l y  
w i t h  s e a s o n "  ( J e f f r e y ,  1 9 6 6 ) .  C o n s i d e r i n g  t h a t  f a t t y  a c i d s  a r e  a 
m a j o r  component  o f  l i p i d s ,  t h e y  s h o u l d  b e h a v e  a s  d e s c r i b e d  a b o v e .
The a u t h o r  a g r e e s  w i t h  J e f f r e y ' s  c o n c l u s i o n s .
Ushakov  e t . a l .  (1966 )  s i m i l a r l y  s e p a r a t e d  t h e  f a t t y  a c i d  
p o r t i o n  o f  B l a c k  Sea w a t e r  by  t h i n - l a y e r  c h r o m a t o g r a p h y  o f  e x t r a c t s  
f rom  50 l i t e r  s a m p l e s .  They fo u n d  342 m i c o r g r a m s  p e r  l i t e r  f o r  t o t a l  
f a t t y  a c i d s ,  w h ich  com pares  f a v o r a b l y  to  Slowey e t . .  a_l. (1962)  and
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J e f f r e y  (1966)  . They r e p o r t  C-q , C -^ ,  C-j^ ,  C^y,  and  C^g com ponen ts  
( u s u a l l y  i n  s m a l l  a m oun ts )  i n  a d d i t i o n  t o  t h e  common even  numbered  
f a t t y  a c i d s .
A c id s  P r e s e n t
The a c i d s  i d e n t i f i e d  i n  a l l  s t u d i e s  a r e  s i m i l a r ,  t h e  o n l y  
d i f f e r e n c e  i n  t h e  p r e s e n t  work b e i n g  t h a t  odd numbered  c h a i n s  w e r e  
f o u n d  i n  c o n s i d e r a b l e  q u a n t i t i e s  i n  e n r i c h e d  a r e a s  n o t  s t u d i e d  by 
o t h e r  w o r k e r s .  I t  i s  p o s s i b l e  t h a t  t h e  a b u n d a n t  t e n t a t i v e l y  i d e n t i ­
f i e d  compound may b e  a n  u n s a t u r a t e d  compound, a s  l a r g e
q u a n t i t i e s  o f  odd c h a i n  a c i d s  a r e  n o t  common i n  t h e  u n p o l l u t e d  o c e a n  
a r e a s .  However ,  t h e  C]_5 ' s  and  C17 ' s i d e n t i f i e d  i n  t h e  e n r i c h e d  a r e a s  
w i t h  l a r g e  m i c r o - o r g a n i s m  p o p u l a t i o n s  c o u l d  b e  e x p e c t e d  t o  a c t u a l l y  be  
odd numbered  c h a i n  a c i d s .
Recom menda t ions  f o r  F u t u r e  Work
T h e r e  a r e  s t i l l  s e v e r a l  unknown f a c t o r s  a f f e c t i n g  m a r i n e  and 
e s t u a r i n e  f a t t y  a c i d  d i s t r i b u t i o n s .  T h e r e  i s  a l s o  much s p e c u l a t i o n  
and  l i t t l e _ f a c t _ c o n c e r n i n g  o r i g i n  and  v a r i a b i l i t y  o f  f a t t y  a c i d  com­
p o s i t i o n  o f  m a r i n e  f a u n a  and  f l o r a .  The r e l a t i o n s h i p  o f  t h e  d i s s o l v e d  
a c i d s  t o  t h e  f a u n a  and  f l o r a  m u s t  b e  i n v e s t i g a t e d  f u r t h e r .  More work 
s h o u l d  a l s o  b e  done  on v e r t i c a l  d i s t r i b u t i o n s  o f  d i s s o l v e d  f a t t y  a c i d s  
t o  s u p p l e m e n t  W i l l i a m s '  and  Slowey et_. a J .  ' s  d a t a .
V a r i o u s  t y p e s  o f  commonly u s e d  e s t e r i f i c a t i o n  p r o c e d u r e s  s h o u l d  
b e  c o m p a re d .  Known s a m p l e s  o f  v a r i o u s  f a t t y  a c i d s  s h o u l d  t h e n  b e  e s t e r i -  
f i e d  by  ea c h  p r o c e d u r e  and  a n a l y z e d  by GLC. The r e s u l t s  w o u ld  p e r m i t  
e v a l u a t i o n  o f  t h e  e s t e r i f i c a t i o n  p r o c e d u r e s ,  t h e r e b y  d e t e r m i n i n g  w h ic h  
m e th o d s  y i e l d  q u a n t i t a t i v e  e s t e r i f i c a t i o n s . Each e s t e r i f i c a t i o n  s h o u l d
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t h e n  b e  r e p e a t e d  on  known d i -  and  t r i g l y c e r i d e s ,  p h o s p h o l i p i d s ,  and 
s p h i n g o l i p i d s . P o s i t i v e  r e s u l t s  p r o v i n g  t h a t  t h e s e  s t r u c t u r e s  a r e  
b e i n g  d e g r a d e d  to  t h e i r  f a t t y  a c i d  c o m p o n e n t s ,  and t h e  e x t e n t  t o  w h ich  
t h i s  p r o c e s s  i s  q u a n t i t a t i v e ,  w i l l  e s t a b l i s h  w h e t h e r  i n v e s t i g a t o r s  a r e  
m e a s u r i n g  a l l  d i s s o l v e d  f r e e  a c i d s  and  e s t e r s .  V a r i o u s  o r g a n i c  s o l v e n t s  
s h o u l d  b e  t e s t e d  t o  d e t e r m i n e  w h ic h  h a s  t h e  b e s t  e x t r a c t i o n  e f f i c i e n c y  
f o r  d i s s o l v e d  f a t t y  a c i d s .
B i o l o g i c a l  and p a r t i c u l a t e  o r g a n i c  m a t t e r  s t u d i e s  s h o u l d  be  
o r g a n i z e d  c o n c u r r e n t l y  w i t h  d i s s o l v e d  f a t t y  a c i d  i n v e s t i g a t i o n s .  I n d i ­
v i d u a l s  o f  d o m i n a n t  s p e c i e s  s h o u l d  a l s o  b e  a n a l y z e d  f o r  t h e i r  f a t t y  
a c i d s  t o  e v a l u a t e  any  c o r r e l a t i o n s  b e t w e e n  t h e  f a t t y  a c i d s  d i s s o l v e d
4
i n  t h e  w a t e r  and  i n  t h e  o r g a n i s m s .
A s e a s o n a l  s t u d y  w i t h  w id e  c o v e r a g e  s h o u l d  b e  made i n  V i r g i n i a  
w a t e r s  by  t h e  ab o v e  m e t h o d . .  T h i s  w ou ld  r e s o l v e  w h e t h e r  t h e r e  i s  a 
d i r e c t  r e l a t i o n s h i p  b e tw e e n  h i g h  p r o d u c t i v i t y  and  f a t t y  a c i d  c o n c e n ­
t r a t i o n .  S am p l in g  i n  e s t u a r y ,  b a y ,  and  c o n t i n e n t a l  s h e l f  w a t e r s  
s h o u l d  b e  c a r r i e d  o u t  n e a r l y  s i m u l t a n e o u s l y ,  and  s h o u l d  b e  r e p e a t e d  a 
few d a y s  l a t e r  t o  e s t i m a t e  t h e  r e s i d e n c e  t i m e s  o f  v a r i o u s  a c i d s  a t  e a c h  
s t a t i o n .  Combin ing  t h e  r e s u l t s  and  h y d r o g r a p h i c  d a t a  w ou ld  show i f  
a  w a t e r  mass  c o u l d  b e  i d e n t i f i e d  by i t s  f a t t y  a c i d  c o m p o s i t i o n ,  so t h a t  
t h e  a c i d s  c o u l d  b e  a means  o f  t r a c i n g  a w a t e r  mass  a s  s u g g e s t e d  by 
Slowey ej :.  a_l. (1962 )
A n o t h e r  i n t e r e s t i n g  e x p e r i m e n t  w ou ld  i n v o l v e  a d d i n g  a l a b e l e d  
f a t t y  a c i d  t o  a  w a t e r  mass  and  s a m p l i n g  a t  s u r r o u n d i n g  p o i n t s  t o  
d e t e r m i n e  i t s  l a t e r  d i s t r i b u t i o n .  I f  l a b e l e d  o l e i c  a c i d  w e r e  added  to  
t h e  w a t e r ,  and  i n  a l a t e r  s a m p l i n g  b o t h  l a b e l e d  1 6 :1  and  1 8 :1  a c i d s  
w e r e  f o u n d ,  i t  c o u l d  t h e n  b e  s u r m i s e d  t h a t  t h e  a c i d s  a r e  b r o k e n  down
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by  B - o x i d a t i o n .  P h y t o p l a n k t o n  o f  t h e  w a t e r  mass  s h o u l d  b e  a n a l y z e d  t o  
d e t e r m i n e  w h e t h e r  t h e y  u t i l i z e d  t h e  f r e e  a c i d s  f rom s e a  w a t e r .
The d e t a i l e d  s t u d y  o f  c a r b o n  a d s o r p t i o n  r e m o v a l  o f  f a t t y  a c i d s  
f rom s e a  w a t e r  (w h ich  h a s  p r o v e n  f e a s i b l e )  w ou ld  b e  an  i n t e r e s t i n g  
c o n t i n u a t i o n  o f  t h e  p r e s e n t  w o rk .  Optimum s u r f a c e  p r o p e r t i e s  o f  c a r b o n ,  
m o s t  e f f i c i e n t  e l u t i n g  s o l v e n t s  f o r  f a t t y  a c i d s ,  and  b e s t  c o n d i t i o n s  
f o r  a d s o r p t i o n  s h o u l d  b e  f o u n d .  The c a r b o n  a d s o r p t i o n  method  shows 
p r o m i s e  b e c a u s e  i t  i s  q u i c k e r ,  e a s i e r ,  and  p r o b a b l y  l e s s  p r o n e  t o  c o n ­
t a m i n a t i o n  t h a n  t h e  s o l v e n t  e x t r a c t i o n  m e t h o d s .
P h y s i c a l  E f f e c t s  o f  M a r in e  F a t t y  A c id s
A c c o r d i n g  t o  G a r r e t t  (1964)  f a t t y  a c i d s  and t h e i r  m e t h y l  e s t e r s  
a r e  i m p o r t a n t  i n  m o d i f y i n g  t h e  a i r / s e a  i n t e r f a c e  p r o p e r t i e s .  I n  ca lm 
c o n d i t i o n s  a f i l m  o f  a c t i v e  compounds may be  p r e s e n t  a t  t h e  s u r f a c e  i n  
d i f f u s i o n  e q u i l i b r i u m  w i t h  d i s s o l v e d  compounds.  T h i s  f i l m  can  a l t e r  t h e  
s u r f a c e  t e m p e r a t u r e  and  i n t e r r u p t  t h e  n o rm a l  mass  and t h e r m a l  c o n v e c t i o n  
p r o c e s s e s  j u s t  b e lo w  t h e  i n t e r f a c e  ( J a r v i s  et^. a _ l . , 1 9 6 2 ) .  G a r r e t t  and 
B u l tm a n  (1963)  h a v e  d e m o n s t r a t e d  t h e  dam ping o f  c a p i l l a r y  waves  by  mono- 
m o l e c u l a r  f i l m s  o f  t h e s e  s u r f a c e  a c t i v e  com p o u n d s . I n  t h e  o c e a n  t h e s e  
damped a r e a s  a r e  c a l l e d  s e a  s l i c k s .
G a r r e t t  (1964)  s t a t e s  t h a t  s u r f a c e  a c t i v e  f i l m s  c o m p e t i t i v e l y  
e x c l u d e  s u c h  s p e c i e s  a s  h y d r o c a r b o n s  and l e s s  s u r f a c e  a c t i v e  c a r b o h y ­
d r a t e s  and  p r o t e i n a c e o u s  s u b s t a n c e s .  He u s e d  a s c r e e n  t e c h n i q u e  t o  
c o l l e c t  5 g a l l o n s  o f  w a t e r  from t h e  s u r f a c e  t o  a d e p t h  o f  0 . 1 5  m i l l i ­
m e t e r s .  Some s a m p l e s  w e r e  a l s o  o b t a i n e d  a t  v a r i o u s  d e p t h s  f rom 3 - 2 5  
m e t e r s .  I n f r a r e d  s p e c t r a  o f  t h e  c h l o r o f o r m  e x t r a c t s  o f  t h e s e  sam p le s  
showed t h e  p r e s e n c e  o f  f a t t y  a c i d s  and  e s t e r s .  T h e s e  compounds w e re  
t h e n  e s t e r i f i e d  by  t h e  m e thod  o f  S t o f f e l  j e t .  a_l. (1959 )  and c h r o m a t o ­
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g r a p h e d  f o r  t h e  e v a l u a t i o n  o f  r e l a t i v e  a b u n d a n c e s .  I d e n t i f i c a t i o n s  o f  
t h e s e  compounds w e re  s i m i l a r  t o  t h o s e  r e p o r t e d  by o t h e r  i n v e s t i g a t o r s  
~and t h i s  a u t h o r .
B i o l o g i c a l  S o u r c e s  o f  M a r i n e  F a t t y  A c id s  
P a r k e r  _et. al_. ( 1966)  made a s t u d y  on f a t t y  a c i d s  i n  11 s p e c i e s  
o f  b l u e - g r e e n  a l g a e  and fo u n d  12-18  c a r b o n  a c i d s ,  w h ic h  had  a p r o ­
n o u n c e d  q u a l i t a t i v e  v a r i a t i o n  among d i f f e r e n t  s p e c i e s .  D i f f e r e n c e s  
w e r e :  some s p e c i e s  had  no p o l y u n s a t u r a t e d  a c i d s ,  o t h e r s  1 8 :2  a c i d  b u t
no  1 8 :3  a c i d ,  and  t h e  a c i d s  o f  one  s p e c i e s  was composed o f  50 p e r c e n t  
1 0 : 0 .  T h e s e  a l g a e  c o n t a i n e d  m e a s u r a b l e  am ounts  o f  odd numbered  c a r b o n  
a c i d s .  B a c t e r i a  w e r e  f o u n d  t o  p r o d u c e  b r a n c h e d  c h a i n  . a c i d s .
M a u r e r  and  P a r k e r  (1967)  i n v e s t i g a t e d  t h e  f a t t y  a c i d s  i n  s e a  
g r a s s e s  and  m a rs h  p l a n t s .  T h e r e  w e re  no s i g n i f i c a n t  d i f f e r e n c e s  b e tw e e n  
t h e  f a t t y  a c i d  c o m p o s i t i o n s  o f  t h e  s e a  g r a s s e s ,  m a rs h  p l a n t s ,  and  
t e r r e s t r i a l  g r a s s e s .  The  m a j o r  a c i d s  p r e s e n t  w e re  1 6 : 0 ,  1 8 : 3 ,  and  1 8 : 2 .  
T r a c e s  o f  b o t h  b r a n c h e d  c h a i n  and  odd numbered  c a r b o n  c h a i n  a c i d s  w e re  
r e p o r t e d .  From P a r k e r ' s  w ork  i t  seems f e a s i b l e  t h a t  s e s s i l e  a l g a e  and 
s e a  g r a s s e s  c o u l d  b e  c o n t r i b u t o r s  t o  t h e  f a t t y  a c i d  c o m p o s i t i o n  o f  
e s t u a r i n e  and n e a r  s h o r e  w a t e r s .
Chuecas  and R i l e y  (1966)  a n a l y z e d  r e p r e s e n t a t i v e s  o f  t h e  p r i n ­
c i p a l  a l g a l  o r d e r s  f o r  f a t t y  a c i d  c o m p o s i t i o n s .  A l l  h a d  t r a c e  am ounts
o f  Cg, C-j^ q , and  C^g s a t u r a t e d  f a t t y  a c i d s .  The m o s t  common s a t u r a t e d
a c i d s  w e r e  C1 4  and  C ^ .  O l e i c  and  l i n o l e i c  w e r e  t h e  p r i n c i p a l  u n s a t u ­
r a t e d  a c i d s  f o u n d ,  w i t h  a p p r e c i a b l e  am ounts  o f  1 4 :1  and  1 6 :1  a c i d s .
They  c o n c l u d e  t h a t  t h e r e  i s  no s y s t e m a t i c  d i f f e r e n c e  among t h e  a l g a e  
e x a m i n e d .
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Ackman et^. al^. (1968)  c u l t u r e d  u n i c e l l u l a r  a l g a e  u n d e r  s i m i l a r  
c o n d i t i o n s  and exam ined  them f o r  f a t t y  a c i d s .  Some s p e c i f i c  f a t t y  a c i d  
r e l a t i o n s h i p s  w i t h  t a x o n o m ic  g ro u p s  w e r e  f o u n d  b u t  u s u a l l y  t h e  i n d i v i d u a l  
f a t t y  a c i d s  w i t h i n  v a r i o u s  c l a s s e s  showed l a r g e  r e l a t i v e  v a r i a t i o n s .
They f o u n d  t h a t  t h e  f a t t y  a c i d  c o m p o s i t i o n  v a r i e d  w i t h  t h e  a g e  o f  t h e  
c u l t u r e  and g row th  t e m p e r a t u r e .  They n o t e  t h a t  t h e  p l a n k t o n i c  a l g a e  a r e  
t h e  m o s t  i m p o r t a n t  c o n t r i b u t o r s  o f  l i p i d s  and f a t t y  a c i d s ,  and c o n c l u d e  
t h a t  d i s s o l v e d  f a t t y  a c i d s  s h o u l d  show s t r o n g  l o c a l  v a r i a t i o n s  i n  d e ­
c a y i n g  p h y t o p l a n k t o n  b l o o m s . They c l a i m  t h a t  t h e  common o c c u r r e n c e  o f  
t h e  m a r i n e  1 4 : 0 ,  1 6 : 0 ,  1 6 : 1 ,  1 8 : 0 ,  1 8 : 1 ,  and  1 8 :2  f a t t y  a c i d s  i s  r e ­
l a t e d  t o  r e s i s t a n c e  t o  o x i d a t i o n .
From t h e  f o r e g o i n g  i t  c an  be  s e e n  t h a t  many p l a n k t o n i c  and 
m a c r o p h y t i c  a l g a e  and s e a  g r a s s e s  c an  p r o d u c e  t h e  a c i d s  e n c o u n t e r e d  i n  
t h i s  w o rk .  Man c a n n o t  b e  e x c l u d e d  a s  a s o u r c e  o f  t h e  f a t t y  a c i d s  from 
s o a p s  and o t h e r  e n r i c h m e n t s  d i s c a r d e d  i n t o  e s t u a r i e s .  S i n c e  many 
o r g a n i s m s  y i e l d  s i m i l a r  a c i d s ,  i t  w i l l  b e  e x c e e d i n g l y  h a r d  t o  c h a r a c ­
t e r i z e  a n  a r e a  o r  community by i t s  f a t t y  a c i d  c o m p o s i t i o n  u n l e s s  t h e  
g i v e n  g r o u p  p r o d u c e s  some e x o t i c  a c i d  w h ic h  wou ld  a c t  a s  an  i n d i c a t o r .
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APPENDIX
TABLE 1
STATION LOCATIONS AND COLLECTION DATES
S t a t i o n 1 Long. 690 5 5 ' L a t . 360 5 8 f J a n . 28, 1969
S t a t i o n 2 L o n g . 70° 19.5* Lat". 36° 58 ' J a n . 28, 1969
S t a t i o n 3 Long. 70° 4 5 ' L a t . 36° 5 8 ' J a n . 28, 1969
S t a t i o n 4 L o n g . 71° l l f L a t . 36° 5 8 ' J a n . 28, 1969
S t a t i o n 5 Long. 71° 3 7 ' L a t . 36° 58* J a n . 28, 1969
S t a t i o n 6 L o n g . 72° 0 2 ' L a t . 36° 5 8 ' J a n . 28, 1969
S t a t i o n 7 L o n g . 72° 2 7 ' L a t . 36° 58* J a n . 28, 1969
S t a t i o n 8 L o n g . 72° 5 2 . 5 ' L a t . 36° 5 8 ' J a n . 28, 1969
S t a t i o n 9 Long. 73° 18* L a t . 36° 5 8 f J a n . 28, 1969
S t a t i o n 1 0 Long. 73° 4 2 . 5 ' L a t . 36° 5 8 ' J a n . 27, 1969
S t a t i o n 1 1 Long. 74° 0 8 ' L a t . 360 5 8 ' J a n . 27, 1969
S t a t i o n 1 2 Long. 74° 3 3 ’ L a t . 36° 5 8 ' J a n . 27, 1969
S t a t i o n 13 L o n g . 74° 5 7 . 5 ' L a t . 36° 5 8 ' J a n . 27, 1969
S t a t i o n 14 L o n g . 75° 2 2 . 5 f L a t . 36° 5 8 ' J a n . 27 , 1969
S t a t i o n 15 L o n g . 75° 4 7 . 5 ' L a t . 36° 5 8 ' J a n . 27, 1969
S t a t i o n 16 L o n g . 760 0 0 * L a t . 36° 5 8 ' J a n . 27, 1969
S t a t i o n 17 Long . 76° 0 5 .5 * L a t . 37° 0 3 . 5 ' O c t . 1 2 , 1968
S t a t i o n 18 Long. 76° 18 .5* L a t . 36° 59 . 5 ' O c t . 1 2 , 1968
S t a t i o n 19 L o n g . 76° 2 0 . 5 ' L a t . 36° 5 6 . 5 ' O c t . 1 2 , 1968
S t a t i o n 2 0 L o n g . 760 2 1 * L a t . 37° 0 0 ' O c t . 1 , 1968
S t a t i o n 2 1 Long. 76° 2 4 . 5 1 L a t . 36° 5 6 ' S e p t . 24 , 1968
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TABLE 1 (Continued)
STATION LOCATIONS AND COLLECTION DATES
S t a t i o n 22 Long. 76° LOCM L a t . 36° 57 1 S e p t . 24 , 1968
S t a t i o n 23 L o n g . 76° 2 6 . 5 f L a t . 36° 58 1 O c t . 1 , 1968
S t a t i o n 24 Long. 76° 2 7 . 5  1 L a t . 36° 5 4 . 5 ' S e p t . 24 , 1968
S t a t i o n 25 Long. 76° 2 8 ' L a t . 37° 0 0 ' O c t . 1 , 1968
S t a t i o n 26 L o n g . 76° 30* L a t . 37° 01 .5* O c t . 1 2 , 1968
S t a t i o n 27 L o n g . 76° 3 3 ' L a t . 37° 05 .5*  * O c t . 27 , 1968
S t a t i o n 28 Long. 76° 3 5 . 5 1 L a t . 37° 0 2 . 5 ' S e p t . 11 , 1968
S t a t i o n 29 Long. 760 3 7 . 5 1 L a t . 37° 0 6 . 5 ' S e p t . ,24 , 1968
S t a t i o n 30 L o n g . 76° 38* L a t . 37° 0 9 ' O c t . 27, 1968
S t a t i o n 31 Long. 760 3 9 . 5  1 L a t . 37° 0 4 ' O c t . 27 , 1968
S t a t i o n 32 Long. 76° 41* L a t . 37° 12 . 5 ' S e p t . 11 , 1968
S ta  t i o n 33 L o n g . 76° 47 1 L a t . 37° 1 2 * N ov . 26, 1968
S t a t i o n 34 Long. 76° 5 2 . 5 ' L a t . 37° 14 .5* N ov . 26, 1968
S t a t i o n 35 Long. 77° 0 4 f L a t . 37° 1 9 ' N ov . 26, 1968
S t a t i o n 36 L o n g . 77° 1 3 ' L a t . 37° 1 9 ' Nov. 26 , 1968
S t a t i o n 37 Long. 77° 1 6 . 5 ' L a t . 37° 2 0 * N ov . 26, 1968
S t a t i o n 38 Long. 77° 1 5 ' L a t . 37° 18* Nov. 26, 1968
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TABLE II
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE #1 SAMPLE #2 SAMPLE #3 SAMPLE #4
u g s / 1 . % T. A. u g s / 1 . 7o T.A. u g s / 1 . % T.A. u g s / 1 . 7o T.
1 0 : 0 *
1 0 : 1
1 2 : 0 2 . 3 0 2 0 . 4
1 3 :0 2 . 8 3 2 5 . 1 6 . 2 1 7 . 7
1 4 :0 TR TR 1 . 1 2 5 . 2  2 . 6 7 2 3 .7 1 . 3 5 1 .7
1 4 :1 TR TR 2 . 7 1 2 . 4 1 . 3 5 1 .7
1 4 :2 o
1 5 :0
1 5 :1 4
1 5 :2 3 . 5 1 4 . 3
1 6 :0 2 . 2 5 4 . 9 3 . 8 2 1 7 . 5  1 . 5 6 1 3 . 8 2 . 7 0 3 . 3
1 6 :1 TR TR
16 :2 1 . 5 8 7 . 2 2 :43 3 . 0
1 7 :0 0 .7 7 6 . 8
1 7 :1
17 :2
1 8 :0 3 . 6 0 1 6 .5 7 . 5 6 9 . 4
1 8 :1 0 . 3 4 3 . 1
18 :2 0 . 9 0 4 . 1  0 . 2 9 2 . 6
1 8 :3 3 6 . 0 7 7 . 7 0 . 4 5 2 . 1  0 . 5 0 4 . 5 4 8 . 3 5 9 . 9
1 9 : 0
1 9 :1
2 0 : 0
2 0 : 1
2 0 : 2
7+ 8 . 1 0 1 7 . 5 7 . 6 5 3 5 . 1 7 . 2 9 9 . 1
T o t a l 4 6 . 4 2 1 . 8 1 1 . 3 8 0 . 7
*Number b e f o r e  c o l o n r e p r e s e n t s  t h e  number o f c a r b o n a toms  i n a c i d ;
number a f t e r  <c o l o n  s i g n i f i e s  t h e number o f  d o u b l e b o n d s .
" ^ U n i d e n t i f i e d  c o m p o n e n t s .
48
TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE #5 SAMPLE # 6 SAMPLE #7 SAMPLE # 8
u g s / 1 . % - T. A. u g s / 1 . 7o T. A. u g s / 1 . % T. A. u g s / 1 . % T .1
1 0 : 0
1 0 : 1
1 2 : 0
1 3 : 0 2 . 0 3 7 . 1 2 . 4 9 17 . 8 3 . 0 4 1 2 .3 2 . 1 9 1 4 . 0
1 4 :0 1 .3 5 4 . 7 2 . 4 4 1 7 . 5 3 . 3 7 13 .7 2 . 3 6 1 5 .1
1 4 :1 1 .9 3 6 .7 3 . 0 4 1 2 . 3 2 . 1 9 1 4 . 0
14 :2
1 5 :0
1 5 :1
1 5 :2 TR TR
1 6 :0 1 . 0 1 4 . 1 TR TR
1 6 :1 3 . 4 7 1 2 . 1 1 . 1 8 7 . 5
1 6 :2 0 . 9 6 3 . 4 2 . 7 5 19 .7 3 . 0 4 1 2 . 3 TR TR
1 7 : 0 0 . 2 1 1 . 5 TR TR TR TR
1 7 :1
1 7 :2
1 8 : 0
1 8 :1 6 . 7 5 2 3 . 6
1 8 :2 2 . 1 2 7 . 4 1 . 1 4 8 . 2 4 . 7 3 1 9 . 2 1 . 8 6 1 1 . 8
1 8 :3
1 9 : 0
1 9 :1
2 0 : 0
2 0 : 1
2 0 : 2
? 9 . 2 5 3 2 . 3 4 . 9 3 3 5 . 2 6 . 4 1 2 6 . 0 5 . 9 1 3 7 . 6
T o t a l 2 7 . 9 13 .9 2 4 . 6 15 .7
TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE: #9 SAMPLE #10 SAMPLE # 1 1 SAMP]
u g s / 1 . % T.A.. u g s / 1 . % T.A. u g s / 1 . % T.A. u g s / 1
1 0 : 0
1 0 : 1 TR TR TR
1 2 : 0
1 3 :0 4 . 6 1 2 1 . 1 1 . 9 3  2 0 . 0 5 . 8 5 2 1 . 3 0 . 9 6
1 4 :0 5 . 1 7 2 3 .7 2 . 0 3  2 1 . 0 4 . 9 5 1 8 . 0 0 . 8 5
1 4 :1 2 . 9 3 1 3 . 4 1 .3 5 4 . 9
1 4 :2
1 5 :0
1 5 :1
15 :2 1 . 5 8 7 . 2 TR TR 0 . 6 9
1 6 :0 TR TR
1 6 :1 0 . 4 9  5 . 0 1 .3 5 4 . 9
1 6 :2 4 . 9 5 2 2 . 7 1 . 7 6 6 . 6
1 7 : 0 0 . 9 0 4 . 1 TR TR
1 7 :1
1 7 :2
1 8 :0 0 . 1 6
1 8 :1 1 1 . 3 4 0 . 1 0 . 1 4
18 :2
1 8 :3
1 9 :0
1 9 :1
2 0 : 0
2 0 : 1
2 0 : 2
? 1 . 6 8 7 . 8 5 . 2 1  5 4 . 0 0 . 9 0 3 . 3 1 .7 7
T o t a l 2 1 . 8 9 . 6 6 2 7 . 5 4 . 5 7
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#12  
% T.A.
TR
2 0 . 8
18 .7
1 5 . 1
3 . 6
2. 8
3 8 . 8
TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS 
ACID SAMPLE #13 SAMPLE #14 SAMPLE #15 SAMPLE
u g s / 1 . % T.A. u g s / 1 . % T.A. u g s / 1 . 7o T.A. u g s / 1
1 0 :0
1 0 :1 0 . 6 3 9 . 8
1 2 :0
1 3 :0 5 . 4 0 2 3 . 1 0 . 6 3 9 . 8
1 4 :0 6 . 3 0 2 6 . 9 1 . 3 0 8 . 4
1 4 :1 2 . 7 0 1 1 .5 3 . 5 0
1 5 :0
1 5 :1
1 5 :2 3 . 5 0
1 6 : 0 0 . 8 8 1 2 . 2 0 . 9 8 6 . 0 3 . 5 0
1 6 :1
1 6 :2 1 . 2 5
1 7 :0 3 . 6 1 2 2 . 8
1 7 :1
1 7 :2
1 8 : 0 2 . 6 6 1 6 . 8 1 .7 5
1 8 :1 7 . 6 5 3 2 . 7 3 . 0 0
1 8 :2 3 . 3 9 4 6 . 3 2 . 3 4 1 4 .7
1 8 :3 1 .7 3 1 0 .9
1 9 : 0
1 9 :1
2 0 : 0
2 0 : 1
2 0 :2 - 1 .2 3 7 . 7
? 1 . 3 5 5 . 8 2 . 6 1 2 2 . 0 8 . 5 0
T o t a l 2 3 . 4 8 . 1 4 1 3 .9 2 5 . 0
51
#16 
7o T.A
1 4 . 0
1 4 . 0
1 4 . 0
5 . 0
7 . 0
1 2 . 0
3 4 . 0
TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE; # 1 7 SAMPLE 00 SAMPLE #19 SAMPLE #2<
u g s / 1 . % T.A. u g s / 1 . % T.A. u g s / 1 .  7o T.A. u g s / 1 . % T,
1 0 : 0 No
1 0 :1 1 0 .1 1 2 .2 5 . 5 0 1 3 .8 c o n -
1 2 :0 6 . 4 4 7 . 8 5 . 5 0 1 3 . 8 c e n -
1 3 : 0 3 5 . 4 4 2 . 9 6 . 0 0 1 5 . 0 t r a -
1 4 : 0 2 . 0 1 2 . 4 t i o n s 3 . 0 4 2 1 .7
1 4 :1 1 .6 1 2 . 0 1 .7 5 4 . 4 1 .4 3 1 0 . 2
1 5 :0
1 5 :1 0 . 7 5 1 .9
1 5 :2 9 . 6 7 11 .7 * 1 .7 9 1 2 . 8
1 6 :0 3 . 7 5 9 . 4 1 1 . 6 0 . 5 4 3 . 8
1 6 :1
1 6 :2 2 . 4 2 2 . 9 7 . 0 0 1 7 .5 1 6 .3
1 7 :0 0 . 5 0 1 . 4
1 7 :1
1 7 :2
1 8 : 0 2 . 0 1 2 . 4 0 . 7 5 1 .9 1 . 9 6 1 3 . 6
1 8 :1 4 . 0 0 1 0 . 0 2 0 . 9 1 .2 5 8 . 5
1 8 :2 0 . 8 1 1 . 0 0 . 8 9 6 . 6
1 8 :3 1 .1 3 2 . 8 3 9 . 5 3 . 0 3 2 1 .7
1 9 :0
1 9 :1
2 0 : 0
2 0 : 1
20:2- a
? 1 2 . 0 1 4 . 6 1 . 5 0 3 . 8 1 1 . 6 TR TR
T o t a l 8 2 . 5 3 8 . 1 1 3 .9
N o t e :  No q u a n t i t a t i v e  v a l u e s  f o r  Sample #19 b e c a u s e  i n t e r n a l  s t a n d a r d
was n o t  a d d e d .
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TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE; # 2 1 SAMPLE #22 SAMPLE: #23 SAMPLE #2<
u g s / 1 . 7o T.A. u g s / 1 . % T.A. u g s / 1 . % T.A. u g s / 1 .  % T..
9 : 1
1 0 :0
1 0 :1 0 . 9 5 4 . 7
1 2 :0 5 . 3 7 2 6 . 9
1 3 :0
1 4 :0 0 . 5 9 8 . 7 1 .4 1 7 . 0 0 . 6 9 3 . 4 0 . 5 7  4 . 2
1 4 :1 1 .3 3 6 . 6 2 . 0 6 1 0 . 3
1 5 :0
1 5 :1 4
1 5 :2 0 . 0 9 1 . 4 3 . 0 9 1 5 . 4
1 6 :0 0 . 2 3 3 . 3 1 .6 0 8 . 0 1 . 1 4 5 . 7
1 6 :1 1 .3 3 6 . 6
1 6 :2 2 . 7 9 4 0 . 6 1 .7 9 9 . 0 1 .93 9 . 7 6107 4 5 . 4
1 7 :0 0 . 3 2 4 . 7
1 7 :1
1 7 :2
1 8 :0 2 . 9 3  2 1 . 8
1 8 :1 1 . 2 0 1 7 .3 3 . 7 1 1 8 .5
1 8 :2 0 . 3 0 4 . 5 0 . 9 7 4 . 9 2 .2 9 1 1 . 5 1 . 0 1  7 . 6
1 8 :3 1 . 1 2 1 6 .3 1 . 1 8 5 . 8 2 . 2 9 1 1 . 5 0 . 6 8  5 . 0
1 9 :0
1 9 :1
2 0 : 0 -
2 0 : 1
2 0 : 2
? 0 . 2 2 3 . 1 5 . 8 4 2 9 . 0 1 . 1 4 5 . 7 2 . 1 5  15 .9
T o t a l 6 . 8 6 2 0 . 1 2 0 . 0 1 3 . 4
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TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE: # 2 5
u g s / 1 . % T..
1 0 :0
10 :1
1 2 :0 2 . 5 5 1 4 . 0
1 3 : 0
1 4 :0 4 . 5 1 2 4 . 7
1 4 :1
1 4 :2
1 5 :0
1 5 :1
1 5 :2
1 6 :0 1 .37 7 . 5
1 6 :1
16 :2 0 . 7 8 4 . 3
1 7 : 0
1 7 :1
1 7 :2
1 8 : 0
1 8 :1 1 . 5 6 8 . 6
1 8 :2 3 . 1 4 1 7 .2
1 8 :3 4 . 3 0 2 3 .7
1 9 : 0
1 9 :1
1 9 :2
2 0 : 0
20 :1 .
2 0 : 2
SAMPLE #26 SAMPLE #27 SAMPLE #28
0 . 5 6  7 . 4
TR TR
0 . 6 3  8 . 4
0 . 5 0  1 5 . 4  6 . 3 4  3 1 . 9
1 . 1 2  14 .7
0 . 6 3  8 . 4  2 . 0 2  1 0 . 1
1 . 2 5  3 8 . 5  2 . 8 8  1 4 . 4
0 . 8 1  1 0 . 5  2 . 5 9  1 3 . 0
1 . 5 0  4 6 . 1  0 . 9 6  1 2 . 6
2 . 02  10.1  
4 . 0 3  2 0 . 3
TR TR 2 . 8 9  3 7 . 9  TR TR
T o t a l  1 8 . 2  3 . 2 5  7 . 6 0  1 9 . 9
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TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE, #29 SAMPLE: #30 SAMPLE #31 SAMPLE: #32
u g s / 1 . % T.A. u g s / 1 . % T.A. u g s / 1 . 7o T.A. u g s / 1 . 7, T..
1 0 : 0
1 0 :1 0 . 1 7 2 . 7
1 2 :0 1 . 0 1 1 7 . 1 2 . 6 9 8 . 1
1 3 :0 0 . 5 3 9 . 0 0 . 7 8 4 . 0 0 . 1 3 1 .9 0 . 4 8 1 . 4
1 4 :0 1 .0 1 1 7 . 1 4 . 9 3 2 4 . 9 0 . 8 1 1 2 . 6
1 4 :1
1 4 :2
1 5 :0
1 5 :1
1 5 :2 0 . 5 3 9 .0 3 . 3 4 16 .9 1 . 2 2 1 9 .2 9 . 4 0 2 8 . 2
1 6 :0 1 . 0 8 1 8 . 4 1 .1 7 1 8 . 4
1 6 :1
1 6 :2 0 . 5 6 9 . 4 1 .2 9 6 . 4 1 0 . 8 3 2 . 2
1 7 : 0
1 7 :1
1 7 :2
1 8 : 0 0 . 5 3 9 . 0 0 . 9 3 4 . 7 1 . 6 1 2 5 . 3 0 . 7 6 2 . 3
1 8 :1 3 . 8 9 1 9 ,6 1 . 1 4 1 8 . 0 1 . 7 6 5 . 2
1 8 :2 0 . 1 7 2 . 9
1 8 :3 1 .2 3 6 . 2 3 . 2 7 9 . 8
1 9 :0
1 9 :1 0 . 8 9 4 . 4
1 9 :2
2 0 : 0
2 0 : 1
2 0 :2
? 0 . 4 8 8 . 2 2 . 4 6 1 2 . 4 0 . 1 3 1 .9 4 . 2 3 1 2 . 6
T o t a l 5 . 9 0 1 9 .7 6 . 3 8 3 3 . 4
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TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITION
ACID SAMPLE #33 SAMPLE; #34 SAMPLE; #35 SAMPLE: #36
u g s / 1 .  °I T.A. u g s / 1 . % T.A. ug s / 1 . 7o T.A. u g s / 1 . % T.i
1 0 : 0 No
1 0 :1 Con-
12 :0 c e n - * TR TR 0 . 4 3 6 . 7 TR TR
1 3 : 0 t r a - A 1 9 . 0 3 2 . 4 0 . 8 2 1 2 . 8 1 . 9 6 2 0 . 1
1 4 :0 t i o n s * 1 7 . 8 3 0 . 3 0 . 8 2 1 2 . 8 2 . 4 5 2 5 . 1
1 4 :1 0 0 . 7 4 7 . 5
1 4 :2
.15:0
1 5 : 1
1 5 :2 2 . 4 8 4 . 2 0 . 1 4 1 . 4
1 6 : 0 * 0 . 4 9 5 . 0
1 6 :1
1 6 :2 7 . 4 4 1 2 .6 1 .0 7 10 .9
1 7 : 0 0 . 8 6 1 3 . 4
1 7 :1
1 7 :2
1 8 : 0 0 . 8 6 1 3 . 4 0 . 4 1 4 . 3
1 8 :1 0 . 6 2 1 . 4 0 . 1 3 1 .3
1 8 :2 0 . 2 5 3 . 9 0 . 1 4 1 . 5
1 8 :3 0 . 1 4 2 . 2
1 9 : 0
1 9 :1
1 9 :2
2 0 : 0
2 0 : 1 0 . 1 4 1 . 4
2 0 : 2 0 . 3 3 5 . 2 0 . 2 4 2 . 4
? * 1 1 . 2 1 9 . 0 1 .8 9 2 9 . 6 1 .8 7 1 9 . 1
T o t a l 5 8 . 5 6 . 4 0 9 . 7 8
^ I n d i c a t e s  a c i d  was  p r e s e n t  b u t  no c o n c e n t r a t i o n s  o r  a r e a s  c o u l d  
b e  c o m p u t e d .
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TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE #37 SAMPLE #28* SAMPLE; #3 0x SAMPLE; #23x
u g s / 1 . % T.A. u g s / 1 .  % T.A. u g s / 1 . % T.A. u g s / 1 . % T.A.
9 : 1 2 . 4 0 1 6 . 8
1 0 :0
1 0 :1 6 . 8 4 1 1 . 6 0 . 3 0 2 . 0
1 2 :0 13 .7 2 4 . 5 1 . 3 3 2 1 . 1 1 .4 7 1 0 .2
1 3 :0 1 .1 5 2 . 0 2 . 4 3  1 7 .2 3 . 8 9 6 1 . 4 TR TR
1 4 :0 2 . 8 6 5 . 1 2 . 1 3  1 5 .1 0 . 3 6 5 . 7 0 . 9 5 6 . 6
1 4 :1 2 . 2 7 4 . 1 1 .5 2  1 0 . 8
1 4 :2
1 5 :0
1 5 :1
1 5 :2 2 . 6 5 4 . 7 1 .9 7  1 4 . 0 0 . 1 4 2 . 2
1 6 :0 0 . 1 9 3 . 1 0 . 8 8 6 . 1
1 6 :1 0 .4 7 3 . 3
1 6 :2 1 . 9 0 3 . 4 1 . 6 5 1 1 .5
1 7 :0
1 7 :1
1 7 :2
1 8 :0
1 8 :1 1 . 4 2 2 . 6 2 . 6 4 1 8 . 5
1 8 :2 9 . 9 7 17 .8 0 . 2 0 3 . 1 1 . 2 3 8 . 6
1 8 :3 2 . 3 5 1 6 . 4
1 9 :0
1 9 :1
1 9 :2
2 0 : 0
2 0 : 1
2 0 : 2
? 1 3 . 5 2 4 . 1 6 . 0 8  4 3 . 1 0 . 2 8 3 . 5 TR TR
T o t a l 5 6 . 3 1 4 . 1 6 . 3 9 1 4 . 3
^ I n d i c a t e s  s a m p l e  was c o l l e c t e d  a t  t h i s  s t a t i o n  b u t  r u n  t h r o u g h  
a c t i v a t e d  c a r b o n  b e f o r e  e s t e r i f i c a t i o n  and c h r o m a t o g r a p h y .
S t a t i o n  30x c o l l e c t e d  O c t .  27 ,  1968 
S t a t i o n  23x c o l l e c t e d  O c t .  14, 1968
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TABLE II (Continued)
FATTY ACID SAMPLE CONCENTRATIONS AND COMPOSITIONS
ACID SAMPLE #23xx
u g s / 1 .  % T.A.
1 0 : 0
1 0 :1 0 . 5 5 1 1 . 0
1 2 :0 0 . 3 8 7 . 6
1 3 : 0
1 4 :0 1 . 1 1 2 0 . 7
1 4 :1
1 4 :2
1 5 :0
1 5 :1
1 5 :2
1 6 :0 0 . 7 6 1 5 . 1
1 6 :1
1 6 :2
1 7 :0 0 . 4 0 8 . 0
1 7 :1
1 7 :2
1 8 : 0
1 8 :1 TR TR
1 8 :2
1 8 :3
1 9 : 0
1 9 :1
1 9 :2
2 0 : 0
2 0 : 1
2 0 : 2
1 1 . 9 1 3 8 . 0
T o t a l 5 . 1 1
x x  -  I n d i c a t e s  s a m p l e  c o l l e c t e d  November 12, 1968
TABLE III
SPECIFICATIONS AND PROPERTIES OF NUCHAR WV-G 12X40
S p e c i f i c a t i o n s  
M o l a s s e s  d e c o l o r i z i n g  i n d e x ,  minimum 8 . 0
I o d i n e  num ber ,  minimum 1050
A b r a s i o n  number ,  minimum 75
M o i s t u r e  when p a c k e d  (%),  maximum w 2
Ash (%),  maximum 8 . 5
P a r t i c l e  s i z e  (U .S .  S i e v e  S e r i e s )  12X40
P o r e  d i s t r i b u t i o n  ( R a d i u s  i n  A n g s t ro m s )  10 -1 0 0 0
T y p i c a l  P r o p e r t i e s  
A p p a r e n t  d e n s i t y  ( l b s . / c u .  f t . )  2 7 . 5
Bed d e n s i t y ,  b ack w as h ed  and  d r a i n e d  25
S u r f a c e  a r e a  ( N i t r o g e n  BET Method)  (m^/g )  1100
P a r t i c l e  d e n s i t y ,  w e t t e d  i n  w a t e r  ( g / c c )  1 . 4
E f f e c t i v e  s i z e  (mm) 0 . 6 5
U n i f o r m i t y  c o e f f i c i e n t  1 . 6 0
V oids  i n  p a c k e d  bed  (%) 40
.59
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